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INTRODUCTION 
Cotylurus flabelllformls (paust, I917) Van Haitsma, 1931 
is a strigeoid trematode of the family Strigeidae whose 
members are parasitic as adults in the intestine of birds. 
Strigeids are trematodes of small (O.5-3 mm) to medium size 
(6-10 mm); the body is divided by a constriction into an 
anterior, cup- or spoon-shaped region (forebody) and a 
posterior cylindrical region (hindbody). The forebody con­
tains the weakly developed oral sucker, pseudosuckers, and 
acetabulum as well as the unique adhesive organ or "holdfast" 
which Baer (1932) has named the "trlbocytlc organ" due to its 
glands producing proteolytic secretions to digest the host's 
intestinal epithelium. In Cotylurus, the trlbocytlc organ, 
a rounded, cup-shaped protuberance consisting of two lobes, 
(anterior and posterior), provides a strong attachment to 
the host's intestine. The hindbody contains the reproductive 
organs. 
Ulmer (1957) found upon examination of hundreds of 
Lymnaea stagnalls from sloughs and kettleholes in the Lake 
Okoboji region of northwest Iowa that more than 99$ of these 
snails harbored developing and fully formed tetracotyles (a 
type of metacercaria). Adult worms, identified as C. 
flabelllformls, were recovered from ducks to which the 
infected snails had been fed in controlled feeding experi­
ments . 
2 
Although life histories of several "species" of Cotylurus 
have been published, and some studies have dealt with certain 
aspects of their morphology, pathology, and host-parasite 
relationships, little or no information is available in the 
form of extensive studies correlating host-parasite dynamics 
for any species of Cotylurus on a seasonal basis. Relatively 
little information has thus far been published concerning the 
importance of the molluscan intermediate hosts and their 
Involvement in this cycle on a seasonal basis. 
The abundance of available material in the Okobojl area 
made it possible to study the complex and interesting 
association of a number of unusual morphological and ecolog­
ical adaptations characteristic of members of the genus 
Cotylurus. Topics of special interest which were studied 
and are presented herein are; (1) the trlbocytic organ and 
pseudosuckers—their function, development, and ultrastruc­
ture; (2) factors influencing the unusual development of the 
metacercaria, and details of histochemlcal and ultrastruc­
tural changes taking place; (3) host-parasite relationships 
between species of Intermediate hosts as well as between 
intermediate and definitive hosts; (4) seasonal periodicity 
of developmental stages and degree of infection In both 
intermediate and definitive hosts; (5) habits of Intermediate 
and definitive hosts, e.g., feeding, locomotion, etc., as 
related to the life history of Cotylurus; (6) environmental 
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Influences on hosts and parasite (temperature^ water level, 
etc.); (7) host-specificity of the adult and cercaria, and 
(8) hyperparasitism by the metacercariae. 
Because certain of the aforementioned topics overlap, 
they were considered best approached from the standpoint of 
Cotylurus flabelliformis in molluscan hosts and its presence 
in migratory avian hosts. Available evidence on the parasite 
fauna of migrating avian hosts prompted Doglel (1966) to 
categorize the types of life cycles of avian parasites. He 
considered migration of the definitive host to be the factor 
exerting the greatest Influence on the parasite fauna of any 
animal. Doglel also considered the physiological and 
environmental changes associated with migration to directly 
influence the parasite's life history. Although the avian 
parasite fauna may appear to represent a kaleidoscopic 
variety, he categorized four basic groups of parasites, 
namely: (1) ubiquitous species: those occurring on or in 
their hosts throughout the year; (2) northern species: 
those infecting their hosts during the nesting season; (3) 
southern species; those infecting their hosts in the over­
wintering areas; (4) migration species: those infecting 
their hosts during their flight along routes of migration. 
Results of the present study show C. flabelliformis to belong 
to the latter category. I have attempted to demonstrate 
this by correlating the factors influencing dynamics of the 
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parasite fauna of the molluscan intermediate hosts with 
those of the definitive hosts on a seasonal basis. 
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HISTORICAL REVIEW 
The nature of the development of the Strlgeldae was a 
puzzle for nearly a century from the time von Nordmann (I832) 
found tetracotyliform larvae In the eyes of fishes. Numerous 
historical accounts of strigeids have been published, in­
cluding those by Krause (1914), Lutz (1921), Ruszkowski 
(1922), Mathlas (1925), LaRue (1926), Hughes (1929), Szidat 
1929a) and Wesenberg-Lund (1934). According to Wesenberg-
Lund (1934), the Danish zoologist Abilgaard established the 
genus Strigea in 1790. Steenstrup (l842) later found 
tetracotyles in sporocysts and redlae of other trematodes 
and presented several figures of tetracotyles within 
echinostome redlae. He mistakenly regarded the tetracotyles 
as being genetically related to those trematodes in whose 
sporocysts or redlae they were found. Plllppl (I854, I857, 
1859), who coined the term "tetracotyle", accepted 
Steenstrup's idea although von Siebold (1843) had previously 
asserted the Incorrectness of Steenstrup's view. Moullnle 
(1856), Pagenstecher (1957), and others agreed with von 
Siebold, and Moullnle held the occurrence of tetracotyles 
within redlae to be entirely accidental. The tetracotyle 
stage according to Moullnle "solt une forme plus petite 
aquatique qui s'introduit dans les Mollusque, comme en 
plupart des cercaires, en se frayant un chemin à travers 
les tissus." 
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Wesenberg-Lund (1934) further stated that no one had any 
idea to which trematode group these larval stages belonged 
until Ercolani (188I) showed that ducks to which tetracotyles 
were fed developed adult "holostomes" (=strigeids). Thus a 
significant advance was made in discovering that "holostomes" 
have a tetracotyle stage. Von Linstow (I877), however, had 
already supposed that, "die Genera Tetracotyle und 
Dlplostomum den Larvenzustand von Holostomum darstellen," 
based on a superficial resemblance between the developing 
mlracidium of Holostomum cornucopia (=Strlgea strlgis) and 
the tetracotyle. This resemblance led him to believe that 
the tetracotyle stage was Intercalated between the egg and 
mature worm. It was thought that miracidia developed directly 
to metacercariae without Intervening sporocyst or redial 
generations. This supposition by von Linstow caused.others 
to believe that the development of the Strigeidae necessi­
tated their being placed in an intermediate position between 
digenetlc and monogenetic trematodes. Accordingly, Leuckart 
(1889) theorized that the "holostomes" had an alternation 
of hosts, but not of generations, and considered develop­
ment of the holostomes to be metastatic. Lutz (1921), how­
ever, outlined the generalized life cycle by showing that 
tetracotyles are produced by metamorphosis of furcocercariae 
produced in sporocysts. Ruszkowskl (1922) subsequently 
showed that miracidia from eggs of Hemlstomum alatum 
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(=Alarla alata) produce sporocysts in freshwater snails and 
these in turn produce furcocercous cercariae. Thus it was 
established that strigeoid trematodes are digenetic 
trematodes with the typical alternation of generations. The 
experimental development of a single species from egg to 
mature worm was subsequently studied by ffâthias (1922, 1925) 
and by Szldat (1924). 
Szidat (1924) followed the transformation of "Cercaria A." 
into the tetracotyle stage (Tetracotyle typlca Pillippi) and 
found the adult form to be Cotylurus cornutus (Rudolphi, 
1808) Szidat, 1928, a parasite of ducks and the type species 
of the genus. The life cycle of C. cornutus is very similar 
to that of C. flabelllformis as shown by Van Haitsma (1931) 
in that both employ similar species of first and second 
intermediate hosts. However, Szidat (1929a) showed that 
tetracotyles of C. cornutus may also develop in leeches 
(Haemopsls, Herpobdella). Numerous other leeches and snails 
may also serve as second intermediate hosts. Ulmer (unpub­
lished) found tetracotyles in leeches (Helobdella stagnalis 
and Helobdella fusca) from the Okoboji region of northwest 
Iowa. Adult strigeids identified as C. flabelllformis were 
recovered when infected leeches were experimentally fed to 
ducks. Development of C. flabelllformis tetracotyles as 
hyperparasites within larval trematodes has been reported 
by several investigators including Cort et al. (1941), 
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Ulmer (1955), and Basch (1969), Dubinina (1956) reported 
hyperparasltlsm by tetracotyles of Ç. plleatus (Rudolphl, 
1802) Dubois, 1937 In plerocercoids of Llgula. 
Szidat (1924, 1929a) provided evidence that development of 
the tetracotyle from the furcocercous cercaria to the immobile 
tetracotyliform stage must be regarded as a true holometabolous 
metamorphosis during which the larval organs of the cercaria 
are broken down and new organs typical of the tetracotyle are 
subsequently formed. 
Opinions as to the nature of the strigeoid holdfast 
(tribocytic organ) have been varied. Sinitsin (1911) con­
sidered it to be part of the external genitalia. Odhner 
(1913) likened it to the ventral sucker (acetabulum) and 
believed the strigeoid acetabulum to represent an entirely 
new structure. Faust (1917, 1918) believed the holdfast to 
be a modified ventral sucker but also a modified genital 
pore. Evidence by Szidat (1924), however, demonstrated 
conclusively that the holdfast is a unique structure and is 
not homologous to the suckers or genital organs of other 
distomes. Many authors, noting the localized destruction 
of the host epithelium in the area occupied by the parasite, 
believed the holdfast organ had a histolytic function 
(Brandes, 189O; Muhling, 1896; LaRue, I927, 1932; Szidat, 
1929a;van Haitsma, 1931; Baer, 1933; Lee, 1962; Erasmus, 
1962), Krause (1914) said he had not observed any tissue 
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destruction and believed the holdfast played an adhesive 
role. More recent investigators, correlating histochemical 
and ultrastructural evidence, have produced convincing 
evidence that the holdfast organ is Involved in extracor­
poreal digestion as well as adhesion (Baer, 1933j Erasmus, 
1962, 1968, 1969b, d, 197O; Erasmus and Ohman, 1963, 1965; 
Ohman, 1965, 1966a, b; Bogltsh, 1966a, b; Johnson et al., 
1971). 
From the works, of Lutz (1921), Ruszkowski (1922), Szidat 
(1924), and Mathias (1922, I925) it was firmly established 
that strlgeids are true dlgenetic trematodes having both 
alternation of generations and of hosts, possessing a unique 
holdfast organ, and (in the genus Cotylurus) an unusual type 
of metacercarial development. 
Dubois (1938, 1953, 1968) summarized descriptions of new 
species of Cotylurus and life history data and has recognized 
12 species and six subspecies. McDonald (1969) has presented 
a complete compilation of known hosts and life cycle data on 
helminths of Anatldae. 
Recently, fish have also been implicated as second inter­
mediate hosts in the life cycle of Cotylurus as shown by 
Olson (1970) in studies on £. erratlcus (Rudolphl, I809) 
Szidat, 1928 and by Odening et al. (I969) on Cotylurus 
cucullus cucullus (Thoss, 1897) Szidat, 1929. 
Specific studies on pathology, specificity and seasonal 
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distribution of adult Cotylurus, as well as on various rela­
tionships of larval stages within molluscan intermediates, 
are varied. Fowl paralysis, first noted by Van Haitsma 
(1931), was further discussed by Hamilton and Blount (1932), 
Biely and Palmer (1932), and by Warrack and Bailing (1932). 
pathological effects of various species of Cotylurus in 
definitive hosts have been noted by Van Haitsma (1931), and 
Baudet (1939) and Baylis (1934) recorded fatal enteritis 
among razorbills presumably due to C. platycephalus (Creplin, 
1825) Szidat, 1928. 
Winfield (1932) investigated the immunity of snails 
infected with sporocysts of C. flabelllformls to their own 
cercariae. Studies on immune reactions to cercariae, 
influence of larval trematode infections, and specificity 
relationships of various second intermediate snails to the 
life cycle of C. flabelllformls were conducted by Nolf and 
Cort (1933), Cort and co-workers (1941, 1944, 1945) and Ulmer 
(1955, 1957), Anteson (1970) described the resistance of 
snails to concurrent sporocyst infections of C. flabelllformls 
and Diplostomum flexicaudum (Cort and Brooks, 1928) Van 
Haitsma, 1931. 
Acholonu (1964a, I965) made observations on the life 
history of C. flabelllformls and experimented with the host-
specificity of this species in ducklings, goslings, chickens 
and rats. Zajlcek (1963, 1964, I968) and Dubois (1944, 
1955, 1957) have experimented with ai:d contributed informa-
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tlon on the specificity of other species of Cotylurus for 
definitive and intermediate hosts. Several authors have 
noted ecological relations of larval C. flabelllformls in 
freshwater snails (Cort et al., 1941, 196O; Acholonu, 
1964b; Larson, 196I; Bourns, 1963) while others have made 
experimental and ecological studies on related species in 
snails (Timon-David, 1943; Wlsniewski, 1958; Singh, 1959; 
Ginetsinslcaya, 1959; Vujic, 196I; Ibrasheva and Butenko, 
1962) and in leeches (Dobrowolski, 1958; Zdarska, 1963; 
Vojtek et al., 1967). Cotylurus flabelllformls has been 
reported in surveys of anatid and meleagridid wildfowl in 
North America by several authors (Gower, 1938; Dubois and 
Rausch, I96O; Hanson and Gilford, 196I; Maxfield et al., 
1963; Matthias, 1963; Payne, 1967; Cornwe11, I967). Popula­
tion dynamics of North American anatid helminths has been 
considered only by Buscher (1965a., 1965b, 1966). 
12 
SUMMARY OF LIFE CYCLE 
Van Haitsma (1931) described the essential features of the 
life cycle of Cotylurus flabelliformis relating it to the 
account of the life cycle by Szidat (1929a)of a related 
European species, C. cornutus (Rudolphi, 18O8) Szidat, 1928. 
Cotylurus flabelliformis lives as adult parasite in the 
intestinal tract of a variety of wild and domestic anseriform 
birds and experimentally in young chickens (Pig. l). Non-
embryonated eggs are expelled in the feces and hatch in about 
3 weeks at 22° C. Following penetration of a lymnaeid or 
physid snail by the miracidium, an additional 6 weeks are 
required for the development of sporocyst and cercarial 
generations within the digestive gland. Several species of 
lymnaeids as well as certain leeches may serve as secondary 
intermediate hosts. Metacercariae may also complete their 
development as hyperparasites within the sporocysts or 
rediae cf other trematode species in physid and planorbid 
snails (Pig. 1, 4l). Within the hermaphroditic gland of 
the second intermediate host, cercariae undergo an unusual 
development unlike that of any other group of trematodes, 
eventually leading to the tetracotyle type of metacercarial 
stage (Fig. 2a-n). Details of the development have not 
been fully described although several accounts of 
tetracotyle formation appear in the literature (Lutz, 1921; 
Matbias, 1922, 1925; Ruszkowski, 1922; Szidat, 1924, 1929a; 
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Harper, 1931; Wesenberg-Lund, 1934; Ulmer, 1955, 1957; 
Pearson, 1959; Naslr, I96O; Basch, 1969). Szldat (1924) 
has pointed out that this type of development represents a 
true holometabolic metamorphosis Involving disappearance of 
almost all internal organs (except oral sucker and 
acetabulum), followed by their subsequent reappearance as 
the body is reorganized, a process involving a remarkable 
increase in size. During this process, the body assumes a 
highly vacuolated appearance characterized by a reticulate 
pattern of delicate cytoplasmic strands (Figs. 2e-h, 7). 
Prior to reformation of internal organs, the body gradually 
becomes smaller and cellular aggregates become evident. 
These ultimately form the internal organs (including 
tribocytic organ, pseudosuckers, gonads, etc.). Further 
decrease in size is coupled with increasing complexity until 
the organism becomes a dense, opaque, rounded larva, sur­
rounded by a distinct, transparent cyst wall (Pigs. 21-n, 
38, 39). Cort et al. (1941) proposed the following cate­
gories for these developing larval stages: (l) 'developing 
forms' —stages in which the internal structures have dis­
appeared up to the largest in size in which there is evidence 
of the first stages of reorganization; (2) 'pre-cysts' —in 
which the hindbody and forebody are well developed but do 
not yet have a cyst wall; (3) 'cysts' —fully formed 
tetracotyles surrounded by a cyst wall. 
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Following the Ingestion of tetracotyles by a suitable 
definitive host, adults develop very rapidly and ovlposltlon 
begins within approximately 48 hours. Worms are expelled 
from the intestine of the bird in 7 to 10 days. Therefore 
the major portion of the life of the parasite is spent in 
the intermediate hosts rather than in the definitive hosts. 
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MATERIALS A# METHODS 
The numerous lakes and sloughs in the Okoboji area of 
northwest Iowa provided abundant intermediate hosts of C_. 
flabelliformis. The region also serves as a breeding area 
for a variety of avian hosts of C_. flabelliformis as well 
as for regular feeding stops during spring and fall migra­
tions. Eggs, young, and adults of wild birds were taken 
from study areas, and various domestic varieties were acquired 
from commercial hatcheries. Scientific names of avian hosts 
are in accordance with the AOU checklist of North American 
birds (1957). 
parasite-free avian hosts were obtained by collecting 
eggs from nests, hatching them in incubators at the Iowa 
Lakeside Laboratory and maintaining the young on an artifi­
cial diet. Newly hatched birds were kept in the incubator 
and not fed for 24 hours to allow residual yolk material to 
be cleared from the gut. Feeding schedules were on an hourly 
basis and all young birds were fed per os 17 to 18 times per 
day. Additional wild avian hosts included young birds which 
were either marked and allowed to remain in their nests 
after having been exposed to infected snails, or reared in 
the laboratory and used in controlled feeding experiments. 
Domestic hosts, (Mallard and Pekin ducklings, pigeons and 
chicks), were acquired from commercial sources or from the 
Departments of Genetics and Poultry Science, Iowa State 
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University. Wild anseriform hosts were taken in northwest 
Iowa (Dickinson County), from the area surrounding Twin Lakes 
near Manson, Iowa (Calhoun County), and at Little wall Lake 
north of Ames (Hamilton County). All hosts were taken either 
under the authority of state and federal collecting permits, 
or during the regular hunting season. 
Birds used in studying natural infections were examined 
immediately or no later than 6 hours after collection. Walk-
in traps were useful in capturing adult passerine birds un­
harmed. Newly hatched, laboratory-reared birds were exposed 
on the second day of feeding by force-feeding pieces of the 
infected hepatopancreas from one or two snails depending on 
the size of the bird. Following exposure, birds were main­
tained on diets of artificial food mixtures or natural foods. 
Exposed hosts were examined three to five days post-exposure 
for adult worms. The entire alimentary canal posterior to 
the gizzard was removed, cut into approximate 6-inch 
segments and placed sequentially into separate petri dishes 
containing avian saline. Helminths recovered were counted, 
recorded, and fixed for wholemounts or histochemistry. 
Specimens of Cotylurus to be mounted ^  toto were fixed in 
cold or warm APA or 10^ neutral buffered formalin. 
Cestodes were fixed in Ristroph's fixative; nematodes in 
70^ ethanol and 10^ glycerine; and acanthocephalans in APA. 
Fledglings were reared in cardboard boxes, cages con­
17 
structed of wood and .25" wire mesh or wire animal cages 
varying in size from approximately 8" x 10" x l8" to 24" x 
28" X 36". The number of birds maintained in a cage was 
dictated by the size and number of birds to be housed. Heat 
was continually provided by gooseneck lamps with 100- to 200-
watt incandescent light bulbs. 
When natural food was used in feeding the birds it was 
frozen for 24 hours before use to preclude the possibility 
of infection from another source. The type of natural food 
selected depended on the diet of the bird. Most passerine 
birds were fed earthworms; Red-winged and Yellow-headed 
blackbirds preferred damselfly naiads or dragonfly naiads. 
Adult pigeons, doves, and passerine birds were fed mixtures 
of bird seed obtained from commercial sources. Grebes were 
fed abdomens of crayfish; young killdeers preferred house-
flies. Ducks were gradually introduced to a diet of l6^ All 
Mash (Frohwein and Sons, Inc., Colo, Iowa) without anti­
biotics the second week. The following artificial food 
mixture (Blankespoor, 1970) was gradually introduced into 
the diet of other avian hosts: 2/3 can dogfood, 2 table­
spoons oatmeal, 1 teaspoon calcium tidbits, 1 pinch Knox 
flavored gelatin, 1/2 cup water, mixed to a mushy consist­
ency, stored in the refrigerator and replaced every four 
days. Coots and killdeers especially seemed to prefer 
this mixture and would feed themselves at an early age due 
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to their precocious nature. 
Snails were collected from three main areas, namely: 
Crossroads Ponds, Miller's Bay Marsh, and Jemmerson Slough 
(all in Dickinson County). Of these three areas, most 
gastropods were taken from Jemmerson Slough due to the 
greater variety and abundance of molluscs and to the size and 
relative permanence of this body of water. 
Cultures of snails were maintained in artificial or 
filtered pond water in 2.5-gallon glass aquaria. A diet of 
fresh or boiled lettuce and fish food pellets or mllkbone was 
provided. Sand and chalk were routinely added to each aquarium 
and the photoperiod was regulated by natural light or by 
flourescent lights controlled by an adjustable switch. Popu­
lations of laboratory-reared snails were derived from egg 
masses obtained from second- or third-generation populations 
reared in this manner. 
Routine methods of isolation, examination and identifica­
tion were employed in obtaining naturally shedding snails and 
studying larval infections. Maintenance of snails shedding 
cercariae of C_. flabelliformis required individual isolation 
since cercariae penetrate, are able to develop, and may 
rapidly kill snails other than the host snail producing 
them. 
Adult L. stagnalis were collected from the field during 
the early morning or late afternoon hours. When cooler 
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temperatures and overcast skies prevailed for several days, 
many snails emerged from deeper water and thick vegetation 
and moved to the surface. Concentrations of snails were 
most often found in 1- to 3-feet of water in vegetation along 
shores subjected to onshore winds. 
Laboratory-reared and naturally infected snails were 
utilized for histological investigations. Unless special 
techniques were required, the snail was immersed in fixative 
after removal of the shell. In natural infections, removal 
of the shell eliminated the necessity of decalcifying it, 
provided a rapid method of determining the presence of 
tetracotyles or sporocysts, and assured rapid fixation. 
The radula and stomach were usually removed before or after 
paraffin embedding. Parasitized and laboratory-reared 
snails as well as adult worms were fixed in 10^ neutral 
buffered formalin (pH 7.2), formal-calcium, Carnoy's, AFA, 
Bouin's, or Zenker's at room temperature. Three to four 
days following fixation, specimens were rinsed in two 
changes of 70^ ethanol prior to dehydration in a graded 
ethanol-tertiary-butyl alcohol series (Cable, 1961). 
Tissues fixed in Carnoy's were transferred directly to 95^ 
ethanol following fixation and specimens fixed in Bouin's 
were treated with 70^ ethanol containing 1^ potassium 
acetate to remove picric acid. After dehydration, speci­
mens were placed in two changes of equal volumes of 
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tertiary-butyl alcohol and 56-58° C Paraplast (Fisher 
Scientific Co.) for 30 minutes each. Infiltration was com­
pleted with pure Paraplast in a vacuum paraffin oven at 
60° C for 15 minutes. 
All specimens to be sectioned were placed in a Porter-
Blum rotary microtome and cut at 8 to 15 microns. Sections 
were affixed to slides with Haupt's adhesive and processed 
according to standard procedures unless otherwise specified 
in histochemical methods. General stains used included 
Heidenhaln's iron hematoxylin, Harris' hematoxylin, with 
eosin counterstain, as well as Mallory's triple stain for 
connective tissue. Wholemounts were stained in Mayer's 
paracarmine, counterstained in fast green, cleared In 
methyl salicylate and mounted in Permount. 
Frozen sections were prepared by freezing tissue cubes 
(approximately 2 mm in diameter) in liquid nitrogen and 
cutting on an International Cryostat CT I. Tissues were 
mounted on metal chucks and were sectioned at 5 microns. 
Techniques employed in histochemical Investigations 
were according to Pearse (196O, 1968), Bancroft (1967), 
Lillie (1965), and Thompson (1966) or taken from the current 
literature. 
Adult and larval stages of Cotylurus flabelliformis 
were prepared for ultrastructural studies by isolating the 
parasites in saline, cutting off the forebody of the adults. 
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and Immediately fixing for 45 to 120 minutes at 4- 0 in 
graded concentrations (3-6^) of 0.12 M phosphate buffered 
(pH 7.3; Millonig, 1961) glutaraldehyde. These solutions 
contained % sucrose to which 10 drops of 1$ calcium chloride 
per 100 cc had been added. Following fixation specimens were 
rinsed twice in buffer containing 5^ sucrose and postfixed 
in 1% osmium tetroxide for 1 hour at 4° C in phosphate 
buffer to which no sucrose or calcium chloride had been 
added. Some specimens were fixed for 30 minutes to 2 hours 
at 4° C in Zetterqvist's buffered osmium tetroxide, 3^ 
glutaraldehyde-2^ acrolein (Millonig's sodium phosphate 
buffer, pH 7.3-7.4), 4-6^ glutaraldehyde (0.2 M cacodylate 
buffer, pH 7.4), or 4-6^ glutaraldehyde (Sorenson's sodium 
phosphate buffer, pH 7.2-7.4), followed by postfixation in 
1$ osmium tetroxide when glutaraldehyde was employed. 
Dehydration in an ethanol-propylene oxide series was 
followed by embedding in an Araldite-Epon mixture 
(Mollenhauer, 1964). Thin sections (50-70 my) cut on an 
LKB 88OOA Ultrotome III with glass or diamond knives were 
mounted on Pormvar coated or uncoated 150-300 mesh copper 
grids and stained with 10-20^ uranyl acetate in absolute 
methanol. Post-stains of Venable's or Reynold's lead 
citrate were frequently employed. Sections were examined 
in an RCA EMU-3F or Hitachi HU-llE electron microscope 
operating at 50 KV. 
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ADULTS 
Natural infections 
Adults of Cotylurus parasitize members of several orders 
of waterfowl Including Podicipediformes (grebes), Gruiformes 
(coots), Charadriiformes (gulls, terns), and Anseriformes 
(ducks, geese). Observations have been made on species of 
Cotylurus in seasonal studies of the helminthofauna of migra­
tory wildfowl by numerous authors in England (Beverley-Burton, 
1958, 1961; Keymer et al., 1962; Avery, 1966a, b) Europe, 
(Bezubik, 1956; Zajicek and Valenta, 1958; Reimer, 1964), and 
Asia (Bykhovskaya-pavlovskaya, 1952, 1954, 1955&, b, 1957, 
1962, 1964; Storozheva, 1957; Shevtsov and Zaskind, 196O; 
Panin, I96O; Khuan, 1962; Kotelnikov, 1962; Maksimova, 1962; 
Kibakin, 1966; Belokobilenko et al., 1964; Gérasimova, 
1964; Tolkacheva, 1967; Nikulin, 1968; Shevtsov, I968). Ten 
species of Cotylurus, including C. flabelliformls, have been 
reported in various surface feeding and diving ducks of the 
anatid subfamilies Anatinae, Aythyinae, Oxyurinae, and 
Merginae. Earlier surveys of helminths in North American 
anatid hosts by investigators mentioned in the Historical 
Review of this thesis list C. flabelliformis as a common 
parasite of ducks, but the seasonal population dynamics of 
the helminths of ducks in North America has been considered 
only by Buscher (1965a, b). 
Complex phenomena, including both biotic and abiotic 
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factors, characterize the population dynamics of helminth 
life cycles, and studies on seasonal fluctuations of the adult 
worm constitute only one aspect of the problem. Very few 
studies on Cotylurus have considered the following factors 
influencing seasonal fluctuations: (1) climatic factors; 
(2) ecology of the definitive hosts; (3) ecology of the 
intermediate hosts; and (4) ecological and physiological 
requirements of the parasite as related to infection. In­
cluded in the following sections of this thesis are a number 
of experiments and studies relative to a better understanding 
of the seasonal population dynamics of C. flabelliformis in 
definitive and intermediate hosts. 
In North America, ducks are involved in periodic migra­
tions between northerly and southerly latitudes. During the 
months of August to September ducks begin their southerly 
migration from breeding areas in the northern United States, 
Canada, and Alaska to the wintering grounds along the Gulf 
of Mexico and Central America. Subsequent return to the 
northern breeding grounds occurs the following February 
through April. Several physiological and behavioral changes 
are known to occur at or near the time of migration. 
In order to assess the population dynamics of adult 
Cotylurus flabelliformis in northwest Iowa, 253 birds of 21 
species known or suspected to serve as hosts for strigeid 
trematodes, particularly Cotylurus, were examined during 
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the months of May-October (1969) and April-October (1970) 
(Table l). Blue-winged teal (Anas dlscors). Lesser scaup 
(Aythya affinis), and Mallards (Anas platyrhynchos) were 
found to be infected by C. flabelllformls (Table l). 
Anseriform hosts were examined weekly, thus allowing close 
correlation with studies on the helminthofauna of inter­
mediate hosts known to be capable of harboring Cotylurus 
larvae. An additional 4? birds consisting of 9 species were 
examined to confirm the results of host specificity experi­
ments . 
Cotylurus flabelliformls is known to be one of the most 
commonly encountered helminths of ducks (Gower, 1938; 
Bus Cher, 1965a, b, 1966; Payne, 1967). Gower (1938) studied 
the trematode parasites of 200 ducks from Michigan and stated 
that, "this investigation has found the species (C_. 
flabelllformis) to be one of the most constantly present of 
all trematodes of ducks encountered, .... Because of this 
very great abundance in migrating ducks (both spring and 
fall), it is safe to say that this parasite is probably one 
of the commonest However, Gower did not present 
monthly records of infection and stated that, "probably 50$ 
have been infected, and of those during the summer season, 
infection has been near 70#." Buscher (1965a, b) in a 
study of the seasonal dynamics of intestinal helminths of 
500 Pintails, Gadwalls, and Shovellers, found that C. 
Table 1. Birds examined for natural infections of Cotylurus flabelliformis 
Host 
Number 
examined 
Number 
infected 
Percentage 
infected 
Cotylurus spp. 
previously 
reported®" 
Order Podicipediformes d,k 
Family Podicepidae 
Podilymbus podiceps 6 O 0 
(Pied-billed grebe) 
Order Pelecaniformes d,k 
Family Pelecanidae 
Pelecanus erythrorhynchos 10 0 
Order Anseriformes 
Family Anatidae 
Subfamily Anserinae 
Branta canadensis 1 0 0 g 
(Canada goosej 
^Compiled from Dubois (1968); McDonald (1969): a = C. breyis; b = C^. 
comutus ; c = C_. cumulitestis ; d = C^. erratlcus ; e = G. Flabe llif ormis ; f = C^. 
gallinûTe hebraicus; g = C. hebralcus; h = C. Intermegius; 1 = C. japohlcus; 
J = C_. orienta lis; k = C^. platycephalus pla^cephalus; IT"= C^. pi lea tus ; m = 
C_. raabei; n = C. strigeoides. 
Table 1. (Continued) 
Host 
Chen caerulescens 
(Blue goose) 
Chen hyperborea 
(Snow goose) 
Subfamily Anatlnae 
Anas platyrhyneh os 
(Mallard) 
Anas acuta 
(Pintail) 
Anas strepera 
(Gadwall) 
Anas clypeata 
TBHÔveller) 
Anas discors 
(Blue-winged teal) 
Anas carolinensis 
(Green-winged teal) 
Alx sponsa 
(Wood duck) 
Cotylurus spp. 
Number Percentage previously 
infected infected reported^ 
0 0 
0 0 
2 9 a,b,d,e,f,g, 
k,i,j,m 
0 0 b,e,g,j,n 
0 0 b,e,k 
0 0 a,b,e,l 
51 4l e 
0 0 e 
Table 1. (Continued) 
Number 
Host examined 
Subfamily Aythyinae 
Aythya collarls 
(Ring-necked duck) 
Aythya affInls 
(Lesser scaup) 
Subfamily Oxyurlnae 
Oxyura Jamalcensls 
(Ruddy duck} 
Subfamily Merglnae 
Mergus merganser 
(Common merganser) 
Order Clconllformes 
Family Ardeldae 
Ardea herodlas 
(Great blue heron) 
^n = C_. strlgeoldes, new host record, 
Cotylurus spp. 
Number Percentage previously 
Infected Infected reported^ 
0 0 e 
5 55 a,e,n^ 
0 0 e 
0 0 b,d 
0 0 
Table 1. (Continued) 
Host 
Botaurus lentlglnosus 
(American bittern) 
Ixobrychus exilis 
(Least bittern) 
Order Gruiformes 
Family Rallidae 
Fulica americana 
(American coot) 
Order Charadriirormes 
Family Charadriidae 
Subfamily Charadriinae 
Charadrius vociferus 
(Killdeerj 
Family Scolopacidae 
Bartramia longlcauda 
(Upland plover) 
Family Laridae 
Ootylurus spp. 
Number Percentage previously 
infected infected reported^ 
0 0 
0 0 
0 0 g 
0 0 
0 0 
Table 1. (Continued) 
Number 
Host examined 
Subfamily Larinae 
Larus delawarensis 5 
(Ring-billed guli; 
Subfamily Sterninae 
Sterna forsteri 2 
(Forster's tern) 
Chlidonias niger 6 
(Black tern") 
Order Columbiformes 
Family Columbidae 
Zenaidura macroura 4 
(Mourning dove) 
Order Passeriformes 
Family Corvidae 
Cyanocitta cristata 3 
(Blue jay) 
Family Troglodytidae 
Cotylurus spp. 
Number Percentage previously 
infected infected reported®* 
0 0 d 
0 0 
0 0 d,l,k 
0 0 
Table 1. (Cont inued) 
Host 
Number Number 
examined Infected 
Cotylurus spp. 
Percentage previously 
infected reported® 
Troglodytes aedon 
(House wren) 
Family Mimidae 
Toxostoma rufum 
(Brown thrasher) 
Family Turdidae 
Turdus migrâtorius 
(Robin) 
Family Icteridae 
Xanthocephalus xanthocephalus 
(Yellow-headed blackbird) 
Agelaius phoeniceus 
(Red-winged blackbird) 
Qulscalus quiscula 
(Common grackle) 
2 0 0 
4 0 0 
2 O O b 
6 0 0 
9 0 0 
12 0 0 
Total 300 
Total Anseriformes 190 
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flabelllformls exhibited a bimodal seasonal fluctuation with 
peak infections occurring in the early summer and fall. % 
own findings (Graphs 1, 2) are in essential agreement with 
Buscher's, except that the peak of infection for spring 
migration in his studies occurred later in May and June, 
presumably due to the more northerly location of his col­
lecting area and later arrival of ducks. Higher percentages 
of infection were recorded in my studies, but occurred in 
hosts other than those examined by Buscher. Seasonal records 
were obtained for the Blue-winged teal, and Mallard, 2 of the 
3 host species known to harbor C. flabelllformls in northwest 
Iowa (Table 2). In this study the Blue-winged teal was by 
far the most commonly infected. Highest percentage of 
infection was 4l^ for Blue-winged teal in contrast to an 
incidence of 11% reported by Buscher (1966) for this same 
host species in Manitoba, Canada (Table 3). Buscher (1965a, 
b) attributed the lower percentages of infections of some 
of the more common helminth species to the severity of the 
northern winters on the intermediate hosts (Table 3). Payne 
(1967), in a survey of the helminth fauna of the Blue-winged 
teal in Nebras also found a high percentage of Infection 
(62$) of Cotylurus flabelllformls (Table 3) but did not 
present monthly data. 
The pronounced difference in degree of infection among 
birds known to harbor C. flabelliformis is explainable in 
Graph 1. Monthly Incidence of infection of avian hosts 
(ducks) by Cotylurus flabelllformls (1969-1970). 
Numbers in parentheses indicate the number of 
hosts examined 
33 
100-1 
" ANAS DISCORS 
90- 5Z._.. ANAS PLATYRHYNCHOS 
AYTHYA AFFINIS 
O 70-
^(22) 
O 50-
£|(20) P(40) I- 40-
(3)Y I 
UJ 30-
20-
(12)1 
APRIL MAY JUNE JULY AUGUST SEPT OCT 
MONTH 
Graph 2. Monthly incidence of infection of Blue-winged 
teal, Mallards, and Lesser scaup by intestinal 
helminths (1969-1970) 
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Table 2. Monthly incidence of infection of C^. flabelllformis in six species of 
adult ducks 
Host April May June July August Sept. Oct. Nov. 
Blue-winged teal 165g 60^ 400 00 230 400 100 
Mallard 33^ 25^ 00 00 00 00 00 _a 
Lesser scaup 20^ 25^ - - - - - -
Gadwall^ - 170 00 00 - 60 00 
Pintail^ - 00 00 00 90 - 00 . 00 
Shoveller^ -, 130 00 P0 - - 00 00 
®'No hosts collected. 
^uscher (1965a) (Manitoba, Canada). 
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Table 3. Incidence of helminths in adult Blue-winged teal. 
(Numbers in the column headings indicate the 
number of hosts examined; numbers in the table 
indicate percentage of hosts infected.) 
Manitoba^ Nebraska^ Iowa® 
114 61 124 
C. flabelliformis llfo 62$ 41$ 
All trematodes 45$ 87$ 82$ 
Cestodes 70  ^ 95$ 63$ 
Nematodes 22$ 22$ 3$(^  
Acanthoce phala 59$ 76$ 63$ 
All helminths 87$ 97$ 91$ 
^Buscher (1966). 
^Payne (I967). 
°This study. 
^Intestine examined only. 
part to their migratory habits. Although a great many ducks 
migrate through the Okoboji region in spring, few remain for 
the breeding season. During the fall migration, the Blue-
winged teal is among the first to arrive (Bent, 1962); most , 
of the Lesser scaup and Mallards arrive later in October 
and November. The latter two species of returning birds 
characteristically lack infections of Cotylurus. Since the 
adult Ç. flabelliformis is short-lived (7-10 days), its 
presence in the definitive host for long periods of time 
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depends upon reinfection. Obviously, receding temperatures 
leading to hibernation of snails together with the late 
arrival of Lesser scaup and Mallards and changing food 
habits of these ducks are part of the explanation for the 
lack of Cotylurus infections in late fall. A graphic pre­
sentation of seasonal infection of these hosts by helminths 
is presented in Graph 2. 
BusCher (1965a, b), in his studies on three species of 
dabbling ducks, suggested that their helminths could be 
grouped into several categories. These categories are a 
modification of the ecological categories established by 
Dogiel (1966) for the parasite fauna of migratory birds. 
Dogiel's categories include : "(l) ubiquitous species, 
occurring in their hosts throughout the year, in the south 
and north alike; (2) southern forms, which infests the birds 
only in the winter grounds; (3) northern forms, infesting 
their hosts only in the nesting grounds" and "(4) migration 
species, which infest the birds during their flight along 
routes of migration" (Belopolskaya, 1956). Each of these 
categories can be divided into subgroups indicating that 
they are somewhat flexible and do not rigidly adhere to 
the definitions quoted above. For example, the category 
"southern forms" can be divided into two major subgroups; 
(a) including those species whose entire developmental 
cycle takes place at the wintering grounds and therefore are 
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never found in the northern breeding grounds; and (b) those 
species whose life history is completed in the south but are 
carried to the breeding grounds in the north and can be found 
there. The category "northern forms" can be subdivided into 
four subgroups according to Dogiel, all of which begin at 
the nesting grounds and are lost before the bird leaves the 
nesting grounds or are lost on the southerly migration and 
are not found at the wintering grounds. 
Buscher (1965a, b) noted that C. flabelliformis was absent 
from ducks at their wintering grounds on the Gulf of Mexico. 
Both he and Payne (I967) observed that this species was one 
of very few helminth species brought into the breeding area 
during spring migration, and the only trematode not brought 
from the wintering grounds. Buscher (1965a, b) concluded 
that infection must have been acquired during migration to 
the breeding area. Other helminth infections increased as 
the summer progressed and then began to decline steadily with 
the approach of fall and the time for southerly migration. 
Infections of C. flabelliformis, however, reached a peak in 
June in adult birds, disappeared during July and began to 
reappear in August leading to another peak of infection. 
Similar results were obtained in this study and it can be 
seen in Graph 2 that the curve for incidence of infection 
of C. flabelliformis is unique in contrast to the curves 
for other trematodes as well as for other helminth taxa 
represented. 
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Buscher (1965a, b) also observed numerous Infections of 
juvenile ducks during the entire summer at the breeding 
grounds and monthly Incidence of Infection follows the 
blmodal curve shown for adult hosts. 
Belopolskaya (1956, 1959) established the existence of 
the category of the "migration species " of parasites in 
studies on llmlcollne birds (sandpipers). Such birds 
traverse long distances In their migrations during which 
time they become infected with certain parasites by eating 
invertebrates. Parasites acquired previously (at the win­
tering or at breeding grounds) are lost. Thus, Belopolskaya 
showed that among sandpipers "migration parasites" are 
principally those of the trematode family Microphallldae 
whose cercarlae and metacercariae were fully developed in 
their hosts when birds are migrating. Similar relationships 
(discussed later) occur with reference to C. flabelliformis-
in northwest Iowa, for the time of peak cercarial and 
metacercarlal development corresponds with the peak of 
infection of the definitive hosts. 
Another characteristic of a "migration species" noted 
by Belopolskaya (1956, 1959) is the rapid development of 
adults and attainment of sexual maturity once infective 
metacercariae have been ingested thus assuring rapid 
dispersal of the species. As shown in a later section of 
this thesis, metacercariae of £. flabelliformis are capable 
of becoming egg-laying adults within 48-hours following 
ingestion by a suitable definitive host. 
Experimental Infections 
Numerous life history studies on species of Cotylurus 
other than C_. flabellif ormis have been published in which 
birds other than natural definitive hosts have been used 
experimentally (Basch, 1969i Bezubik, 1956; LaRue, 1932; 
Mathias, 1925; Nasir, I96O; Niewiadomska, 1970; Odening et al., 
1969, 1970; Starzynski and Krazaczynski, 19^5; Timon-David, 
1943; Van Haitsma, 193O; Williams, 1966; Zajicek, 1963, 
1968). In these studies, domestic ducks and geese 
(Anseriformes), domestic pigeons (Columbiformes), Japanese 
quail and domestic chickens (Galliformes), gulls (charadri-
iforraes), finches and canaries (passeriformes) have been 
successfully employed as experimental hosts. 
Pew attempts have been made to utilize hosts other than 
anserlforms for C. flabelllformls. Van Haltsma (1931) experi­
mentally infected chicks 6 to 7 weeks old as well as domestic 
ducklings in describing the essential features of the life 
cycle. Ulmer (1957) in his studies found Common grackles 
(passeriformes), a pigeon (Columbiformes), and a 12-week-old 
chick (Qilllformes) refractlie to infection. Acholonu 
(1964a, 1965), however, was able to infect young as well 
as older chicks (ages not specified). These varying results 
may have been due to procedures employed in exposing défini-
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tlve hosts (see below). 
Extensive feeding experiments were undertaken in this 
study to investigate the suitability of various hosts for 
C. flabe11Iformls (Table 4). The reasons for these experi­
ments were fourfold : to investigate (1) host-specificityj 
(2) possible host-induced variations; (3) the influence of 
temperature of the fixative; and (4) details of the develop­
ment in the definitive host. 
Dubois (1957) believed that host-specificity among 
strigeold trematodes could be attributed not only to 
ecological segregation, but to certain chemical factors 
associated, at least in part, to the complexity of the 
tribocytlc organ and to its nutritive role in establishing a 
much closer host-parasite relationship than generally occurs 
among most trematodes. 
Ulmer (I96I), however, showed In a series of feeding 
experiments involving metacercarlae of Posthodiplostomum 
minimum (MacCallum, 192l) Dubois, 1936 that host-specificity 
among avian strigeoids was less rigid than Dubois believed. 
Adults of £. minimum are typically found in Great Blue 
herons, but may easily be reared to maturity in young 
Robins and Red-winged blackbirds. Ulmer emphasized a 
"need for additional experimental data relative to host-
specificity in order to assess the validity of Dubois' use 
of it as a major criterion for establishing taxonomlc 
relationships." 
Table 4. Experin^ntal infections of birds with Cotylurus flabelllformls 
Approx. Number Age of Number 
Con- age Number Intermediate adults adults 
Bird host trois (days) exposed hosts fed (days) recovered 
A. Field exposures (birds In nests) 
Passerlformes 
Common 1 7 2 2 (L. s^gnalls 5 0 
grackle each] 
Red-winged 1 3 2 2 (") 5 0 
blackbird 
Robin 1 10 2 2 (") 5 0 
House wren 2 4 4 2 (") 5 0 
B. Laboratory exposures of birds reared In nature 
Passeriformes 
Blue jay 0 adults 2 2 (L. stagna11s 5 O 
each ) 
Common 0 adults 2 2 (") 5 0 
grackle 
Common O fledgling 1 2 (L. stagnalis) 5 O 
grackle 
Table 4. (Continued) 
Approx. 
Con- age Niamber 
Bird host trois (days) exposed 
Common 
grackle 
Common 
grackle 
Brown 
thrasher 
Song 
sparrow 
C o iTjmblf orme s 
Mourning 
dove 
Anserlformes 
Wood duck 
Wood duck 
O fledgling 
0 fledgling 
0 adults 
0 adult 
0 fledgling 
1 
1 
4 
4 
1 
1 
a New host for C. flabelliformis. 
Number 
intermediate 
hosts fed 
Age of Number 
adults adults 
(days) recovered 
2 (l. stagnalls) 
4 (") 
2 (L. stagnalis 
iach) 
2 (L. stagnalls) 
1 
6 
5 
5 
0 
0 
0 
(gravid) 
2 (") 0 
2 (") 
2 (") 
2 
3 
0 
0 
Table 4. (Continued) 
Bird host 
Approx. 
Con- age Number 
trois (days) exposed 
Number 
intermediate 
hosts fed 
Age of Number 
adults adults 
(days) recovered 
C. Exposures of laboratory-reared birds 
Podicipediformes 
Pied-billed 0 
grebe 
Pied-billed 0 
grebe 
Pied-billed 0 
grebe 
Gruiformes 
American coot 0 
American coot 0 
C haradr i if orme s 
Killdeer 0 
Black tern 0 
Black tern 0 
2 
2 
2 
adult 
2 
2 
1 
1 
1 
1 (L. stagnalis) 
1 (") 
1 (") 
4 (") 
4 (") 
4 (L. stagnalis 
each) 
2 (L. stagnalis) 
2 (") 
3 
2 
4 
5 
2 
4 
5 
57a 
(gravid) 
1 
(mature) 
1 
(gravid) 
13°" 
(gravid) 
0 
0 
0 
0 
Table 4. (Continued) 
Bi cd host 
Approx. 
Con- age Number 
trois (days) exposed 
Anser 
Pek 
(' 
iformes 
in duck 
om. ) 
Pekin duck 
Pekin duck 
Pekin duck 
Mallard duck 
(dom.) 
0 
0 
0 
0 
Mai 
Rud 
Rud 
lard duck 
dy duck 
dy duck 
0 
0 
15 
15 
15 
15 
14 
27 
2 
2 
1 
1 
1 
1 
28 
1 
1 
Number Age of Number 
intermediate adults adults 
hosts fed (days) recovered 
2 (L. stagnalis) 
2 (") 
2 (") 
2 (") 
2 (L. stagnalis 
each) 
18 (Helobdella 
fusca—leeChes) 
2 (L. stagnalis) 
2 (") 
5 
5 
5 
5 
5 
5 
0 
ll«i 
(gravid) 
(gravid) 
(gravid) 
, 36 
(gravid) 
r^ny gravid 
adults (up 
to 419) 
about 100 
0 
0 
-pr 
m 
Table 4. (Continued) 
Approx;, 
Con- age Number 
Bird host trois (days) exposed 
Galliformes 
Domestic 
chicken 
0 21 
Domestic 
chicken 
Domestic 
chicken 
Domestic 
chicken 
O 
0 
0 
21 
21 
14 
3 
1 
2 
Domestic 
chicken 
Japanese 
quail 
Japanese 
quail 
Japanese 
quail 
O 
0 
0 
O 
7 
21 
14 
7 
2 
2 
2 
2 
Number 
intermediate 
hosts fed 
Age of Number 
adults adults 
(days) recovered 
100 (tetracotyles 
each——L. 
stagnalis) 
100 (") 
4 (L. stagnalis) 
100 (tetracotyles 
s tagnaTls) 
100 (") 
100 (") 
100 (") 
100 (") 
0 
3 
4 
3 
3 
3 
3 
3 
(mature) 
48 
(gravid) 
0 
0 
0 
O 
O 
-1^ 
-<i 
Table 4. (Continued) 
Approx. Number Age of Number 
Con- age Number intermediate adults adults 
Bird host trois (days) exposed hosts fed (days) recovered 
Japanese 0 21 6 2 (L. stagnalis) 5 0 
quail 
Columbiformes 
Pigeon (dom. ) 0 adults 4 4 (L. stagnalis 5 0 
each) 
Totals; experimental hosts, 96; species of hosts, 19; new hosts for C^. 
flabelliformis, 4. 
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Dubois (1968) recognized only four species of Cotylurus 
in anseriform hosts from North America, namely; Ç. brevis 
Dubois and Rausch, 1950; C. cornutus; flabelliformis; 
and Ç. strigeoldes Dubois, 1958. Pour additional species (C. 
erraticus (Rudolphi, I809) Szidat, 1928; C. gallinule 
vltellosus Lumsden and Zischke, 1963; Ç. pileatus (Rudolphi, 
1802) Dubois, 1937; Ç_. platycephalus communis (Hughes, 1928) 
LaRue, 1932) are listed by Dubois as parasites of 
Charadriiformes (gulls, terns), Gruiformes (rails, coots), 
or Gaviiformes (loons). McDonald (1969) listed six species 
of Cotylurus (C. brevis, C. cornutus, C. erraticus, C. 
flabelliformis, C, hebraicus, £. strigeoides) in naturally 
infected hosts in North America, including one species (C. 
erraticus) known to occur in six other orders of birds. 
In attempts to further test Dubois' concept of host-
specif Icicy as a major criterion for establishing taxonomic 
relationships, feeding experiments involving C. flabelli­
formis were conducted with a variety of domestic and wild 
avian hosts. These experiments consisted of force-feeding 
groups of isolated tetracotyles or infected intermediate 
hosts to birds. Bird hosts used for feeding experiments 
(Table 4) included three groups, namely; (1) nestlings in 
nature (Table 4A); (2) birds reared in nature (Table 4B) 
but maintained in the laboratory at least a week, subse­
quent fecal examination of such hosts having indicated an 
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absence of C. flabelllformls Infections; and (3) laboratory-
reared birds (Table 4C). The majority of exposures was made 
by feeding Infected L. stagnalis previously removed from 
their shells. Forceps were useful in feeding birds especially 
in nature where it was undesirable to' touch young birds or 
their nests, in nature, controls were marked by the use of 
fingernail polish applied to the bird's leg. Such birds 
were thus allowed to be fed on a natural diet in native sur­
roundings whereas birds of the latter two groups were main­
tained in the laboratory and fed artificial diets as previ­
ously discussed in Materials and Methods. 
Of a total of 96 experimental avian hosts of 19 species, 
including domestic mallards and chicks, 4 new hosts were 
found for C. flabelliformis, namely: Pekin duck (Anseri-
formes); Pied-billed grebe (Podicipediformes); American 
coot (Gruiformes); and Song sparrow (Passeriformes); (Table 
4B, C). These represent three new orders of experimental 
hosts for this species. 
Although some workers have reported young chicks to be 
refractile to infection with C. flabelliformis, several 
exposures were made to 3-week-old chick hosts (Table 4c) 
resulting in the recovery of gravid worms four days post-
feeding. Largest numbers of adults were recovered when 
hosts were fed entire infected posterior whorls of the 
snail body rather than isolated metacercariae. 
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That host-Induced variations may occur when a trematode 
develops in different avian hosts has been shown experi­
mentally by several Investigators including DSnges (1964) 
and Blankespoor (1970). By feeding metacercariae of 
Plagiorchis noblei (park, 1936) to atypical bird hosts, 
Blankespoor found varying degrees of morphological change in 
the adult worms recovered. Greatest variations were noted 
in total body size, distribution of vitellaria, and size and 
position of gonads. 
Measurements of several species of Cotylurus from 
anseriform hosts frequently overlap. Moreover, previously 
reported vitelline distribution among members of a single 
species and between various species of the genus Cotylurus 
suggested that host-induced variations may also occur in C_. 
flabelllformis. Consequently, an extensive series of feeding 
experiments involving a variety of hosts was undertaken and 
specimens recovered were carefully scrutinized for morpho­
logical variations. 
Tabulation of measurements of adult worms representing 
each naturally and experimentally infected host species 
reveals considerable variation from Van Haitsma's (1931) 
original description. There is a general tendency toward 
larger size (Table 5), and even worms from naturally 
infected hosts are slightly larger (Table 6), a condition 
probably reflecting intraspecific variation and mode of 
Table 5. Comparison of adults of Cotylurus flabelllformls 
from experimental hosts with the original descrlp-
tlon (van Haltsma, 1931) (All measurements in 
millimeters) 
Host Dom. Mallard®" Dom. Mallard 
No. specimens ? 10 
Fixation Cold corrosive acetic Cold APA 
Age worms 6 days 5 days 
Length .56-0.85 .79(0.68-0.86) 
Ant. seg. 1. 
Ant. seg. w. 
.20-0.28 
.22-0.32 
.29(0.23-0.33) 
.31(0.29-0.33) 
Post. seg. 1. 
Post. seg. w. 
.36-0.57 
.20-0.26 
.49(0.38-0.58) 
.31(0.25-0.35) 
Oral sucker 1. 
Oral sucker w. 
.050-.070 
.004-.080 
.074(.069-.085) 
.07l(.062-.078) 
Pharynx 1. 
Pharynx w. 
.030-.045 
.020-.040 
.042(.039-.046) 
.039(.034-.04I) 
Ventral sucker 1. 
Ventral sucker w. 
.060-.080 
.040-.080 
.081(.069-.092) 
.071(.057-.089) 
Ovary 1. 
Ovary w. 
.075-.135 
.050-.075 
.088(.069-.098) 
.074(.064-,080) 
Location ovary - .048(.018-.080) 
Ant. testis 1. 
Ant. testis w. -
.122(.096-.161) 
.OdO(.062-.112) 
Post, testis 1. 
Post, testis w. 
- .129(.110-.16I) 
.102(.092-.119) 
Egg 1. 
Egg w. 
.080-.100 
.040-.060 
.096(.089-.105) 
.0651.057-.075) 
^Source; Van Haltsma (1931). 
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Pékin duck American coot Pied-billed grebe 
10 
Cold APA 
5 days 
.87{.68-.98) 
.30(.26-.35) 
.32(.28-.38) 
.47(.41-.58) 
.29(.25-.32) 
.071(.049-.078) 
.06l(.052-.076) 
.038(.030-.042) 
.033(.026-.038) 
.084(.064-.099) 
.074(.047-.099) 
.085(.071-.107) 
.064(.053-.074) 
.026(.010-.047) 
.162(.128-.181) 
.083(.053-.128) 
.I67(.138-.203) 
.090(.071-.107) 
.106(.085-.128) 
.064(.053-.074) 
10 
Cold APA 
5 days 
.85(.74-1.03) 
.33(.28-.42) 
.32(.27-.35) 
.6i(.43-.84) 
.27( .22- .32)  
.071(.064-.078) 
.074(.066-.085) 
.042(.038-.049) 
.038(.033-.042) 
.074(.049-.090) 
.0871.083-.095) 
.063(.052-.07l) 
.063(.049-.076) 
.051(.023-.074) 
.154(.095-.285) 
.069(.010-.119) 
.124(.095-.l60) 
.111(.071-.139) 
.100(.094-.ll9) 
.O67(.054-.083) 
10 
Cold APA 
3 days 
.47(.39-.57) 
.20(.16-.27) 
.22(.17-.28) 
.26(.23-.36) 
.21(.l8-.26) 
.049(.033-.066) 
.049(.033-.06l) 
.029(.021-.039) 
.026(.019-.039) 
.052(.042-.066) 
.055(.042-.071) 
.063(.042-.085) 
.040(.032-.049) 
.044(.010-.071) 
.100(.074-.128) 
.073(.040-.107) 
.118(.096-.149) 
.074(.054-.096) 
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Table $. (Continued) 
Host Dom. chicken Song sparrow 
No. specimens 10 6 
Fixation Cold APA Cold APA 
Age worms 5 days 5 days 
Length .8l(.70-1.03) .77(.56-.98) 
Ant. seg. 1. .29(.26-.42) .32(.26-.38} 
Ant. seg. w. .31(.27-.4l) .33(.29-.37) 
Post. seg. 1. .42(.38-.44) .45(.29-.59) 
Post. seg. w. .291.25-.33) .25(.21-.29) 
Oral sucker 1. .07l(.O52-.076) .062(.052-.071) 
Oral sucker w. .071(.O66-.076) .066(.O69-.O76) 
Pharynx 1. .046(.038-.049) .037(.033-.040) 
Pharynx w. .040(.033-.046) .038(.030-.042) 
Ventral sucker 1. .087(.077-.114) .083(.073-.104) 
Ventral sucker w. .094(.080-.III) .084(.O76-.O92) 
Ovary 1. .088(.076-.090) .062(.053-.O76) 
Ovary w. .0751.040-.083) .066(.064-.073) 
Location ovary .020(.OO7-.O52) .025(.016-.042) 
Ant. testis 1. .l45(.114-.188) .136(.III-.171) 
Ant. testis w. .086(.054-.109) .0971.064-.149) 
Post, testis 1. .156(.138-.202) .l46f.119-.l8l) 
Post, testis w. .ll6(.066-.202) .096(.074-.139) 
Egg 1. .090(.085-.099) .13l(.012-.449) 
Egg w. .0591.057-.064) .045(.006-.074) 
Table 6. Comparison of adults of Cotylurus flabelllformls 
from naturally Infected hosts with related species 
and different methods of fixation. (All measure­
ments In millimeters) 
Author Van Haitsma, 1931 Naslr, i960 
Species C. flabelllformls C. brevls 
Host 
Fixation 
Dom. Mallard 
Cold corrosive acetic 
Dom. pigeon 
Cold APA 
Length .56-0.85 .72-1.28 
Ant. seg. 1. 
Ant. seg. w. 
.20-0.28 
.22-0.32 
.29-.50 
.30-.47 
Post. seg. 1. 
Post. seg. w. 
.36-0.57 
.20-0.26 
.54-.77 
.27-.48 
Post, seg./Ant. seg. 1.5-2.0 
Oral sucker 1. 
Oral sucker w. 
.050-.070 
.040-.080 
.072-.121 
.061-.101 
Pharynx 1. 
Pharynx w. 
.030-.045 
.020-.040 
.050-.059 
.037-.044 
Ventral sucker 
Ventral sucker 
1. .060-.080 
w. .040-.080 
.083-.127 
.066-.134 
Ovary 1. 
Ovary w. 
.075-.135 
.050-.075 
.072-.096 
.085-.121 
Location ovary 
Ant. testis 1. 
Ant. testis w. 
Post, testis 1. 
Post, testis w. 
-
.088-.104 
.056-.068 
Anteriorly 
convex, three 
large posteriorly 
directed lobes 
Egg 1. 
Egg w. 
.080-.100 
.040-.060 
^Present study. 
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Dubois & Rausch 
1950 
C. brevis 
Dubois, 1938 
C. cornutus 
_a 
C. flabelliformis 
Lesser scaup 
Cold (?) 
1-1.8 
.30-0.72 
.30-0.54 
.54-1.11 
,26-0.66 
1.25-1.94 
.072-.120 
.061-.120 
.050-.059 
.036-.045 
.083-.180 
.066-.170 
.075-.150 
.065-.120 
.008-.022 
.135-.295 
.180-.320 
.160-.340 
.180-.315 
.088-.110 
.050-.070 
Cold (?) 
1-2.2 
.30-0.72 
.34-0.80 
.65-1.82 
.30-0.66 
1.25-4.40 
.065-.130 
.045-.110 
.100-.200 
.065-.190 
.075-.216 
.011-.034 
.135-.360 
.180-.450 
.160-.450 
.180-.450 
.081-.110 
.050-.073 
Mallard 
Cold APA 
.91(.76-1.10) 
.34(.30-.42 
.351.29-.43 
.55(.40-.65 
.30(.26-.42 
1.62(1.3-2.0) 
.074(.064-.089) 
.072(.063-.082) 
.038(.030-.047) 
.037(.029-.047) 
.083(.073-.095) 
.076(.069-.091) 
.084(.064-.190) 
.076(.062-.101) 
.065(.011-.071) 
.144(.109-.205) 
.096(.067-.115) 
.160(.130-.185) 
.110(.075-.120) 
.105(.096-.120) 
.068(.064-.072) 
Table 6. (Continued) 
Author a, _a 
Species C, flabelliformis C, flabelliformis 
Host 
Fixation 
Mallard 
warm APA 
Blue-winged teal 
Cold APA 
Length 
.95(.77-1.12) .79(.62-.96) 
Ant. seg. 1. 
Ant. seg. w. 
.37{.'29-.44) 
.36(.28-.44) 
.32(,24-,39) 
.34(,32-,38) 
Post. seg. 1. 
Post. seg. VJ. 
.58(.43-.68) 
.31(.26-.40) 
,46(.32-.59) 
,32(.25-.36) 
Post, seg./Ant. seg. 1.81(1.40-2.30) 1,21(1,0-1.43) 
Oral sucker 1. 
Oral sucker w. 
.065(,010-,076) 
.066(,059-.078) 
.074(.069-.087) 
,080(.069-.094) 
Pharynx 1. 
Pharynx w. 
.042(.035-.049) 
.04O(.033-.049) 
.045(.036-.055) 
,0431.036-.048) 
Ventral sucker 1. 
Ventral sucker w. 
,086(,069-,104) 
.072(.010-.104) 
,088(,080-,098) 
,066(.046-.089) 
Ovary 1. 
Ovary w. 
.076(,011-.095) 
.076(.064-.099) 
.099(.082-.105) 
,077(.062-.101) 
Location ovary .067(.032-,096) ,081(0-,034) 
Ant. testis 1. 
Ant. testis w. 
,l47(.107-.238) 
.091(.064-.128) 
.139(.119-.161) 
.094(.073-.126) 
Post, testis 1. 
Post, testis w. 
.136(.107-.204) 
.097(.064-.128) 
,15l(,126-,l86} 
.129(,103-.I49) 
Egg 1. 
Egg w. 
.108(,096-.117) 
.069(,064-,074) 
,095(.080-,103) 
,064(,059-.069) 
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_a _a _a 
C. flabelliformis C, flabelliformis C. flabelliformis 
Blue-winged teal 
Warm APA 
.90(0.70-1.04) 
.38(0.32-0.44) 
.34(0.29-0.39) 
.52(0.38-0.65) 
.30(0.25-0.39) 
1.37(1.11-1.65) 
.084(.064-.095) 
.077(.064-.088) 
.044(.028-.052) 
.04l(.026-.052) 
.096(.080-.114) 
.093(.080-.107) 
.084(.061-.107) 
.075(.040-.109) 
.035(.021-.053) 
.163(.119-.224) 
.064(.011-.107) 
.165(.090-.224) 
.104(.064-.171) 
.092(.O53-.II7) 
.056(.046-.064) 
Lesser scaup 
Cold APA 
.85(.67-.95) 
.33(.25-.39) 
.32(.27-.37) 
.49(.37-.55) 
.32(.27-.34) 
1.40(1.18-1.52) 
.072(.064-.085) 
.06i(.052-.076) 
.O42(.038-.O46) 
.038(.033-.04i) 
.084(.069-.097) 
.072(.057-.099) 
.085(.072-.099) 
.06l(.052-.073) 
.025(.011-.032) 
.145(.111-.128) 
.083(.054-.119) 
.l67(.138-.285) 
.096(.071-.139) 
.095(.087-.100) 
.062(.054-.071) 
Lesser scaup 
Warm AFA 
.90(.79-.125) 
.32(.29-.38) 
.33(.29-.39) 
.58(.40-.70} 
.29(.25-.32) 
1.55(1.3-1.9) 
.075(.068-.088) 
.076(.070-.089) 
.044(.037-.049) 
.04l(.033-.050) 
.092(.077-.112) 
.086(.069-.102) 
.093(.079-.109) 
.078(.061-.081) 
.068(.016-.130) 
.162(.138-.188) 
.080(.053-.128) 
.171(.103-.204) 
.120(.088-.160) 
.103(.084-.120) 
.057(.044-.064) 
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fixation. Fixation with warm APA, for example, results in 
fully extended and apparently "larger" worms. Cold (room 
temperature) fixation, employed by numerous workers 
including Van Haitsma and Dubois, however, causes pronounced 
contraction and consequently "smaller" specimens (Table 6). 
Cold fixation, moreover, affects distribution of the vitelline 
follicles. In two of my specimens, cold fixation has caused 
contraction sufficient to displace vitellaria into the 
posterior region of the anterior segment. 
Measurements of the slightly larger specimens from my 
experiments resemble those given by Dubois (1968) and by 
Nasir (196O) for Cotylurus brevls and by Dubois (1938) for 
Cotylurus comutus (Table 6). Furthermore, measurements of 
C_. brevls given by Nasir (i960) in his experimental infections 
of pigeons even more closely approximate those from my 
experimental hosts and also overlap those of Van Haitsma in 
his original description of C. flabelllformis. Nasir (196O) 
considered the size differences between his specimens and 
Dubois' as due to intraspeclfic variation and of minor 
taxonomic importance. He did not consider such variations 
as being important in differentiating between C. brevls and 
other species of Cotylurus. 
When one compares size ranges of various morphological 
features of C^. flabelllformis, £. brevls, and C. cornutus, 
from various experimental hosts or specimens from natural 
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Infections which have been cold-fixed, those of C. flabelll-
formls are sufficiently broad to include the ranges given 
for C. brevls by Dubois (I968) and Nasir (i960) and for C. 
cornutus by Dubois (1938) (Tables 5 and 6). In specimens 
fixed in warm fixative these relationships are even more 
apparent (Table 6). Of all experimental hosts used in ray 
studies, greatest size variations were observed in C, flabelli-
formis recovered from Pied-billed grebes (Table 5). These 
figures compare favorably with Van Haltsma's description but 
contrast sharply with measurements of adults of the same age 
from the domestic Mallard (compare 65-hr adults; Table 7). 
Evidently the maturity of C. flabelliformis in the Pied-
billed grebe was delayed since fewer worms were gravid and 
size of the worms was smaller. Adult worms in the domestic 
Mallard became gravid in just 51-hours (Table 7)• 
Despite morphological similarities resulting from 
Intraspeclfic variations and mode of fixation, identifica­
tion of certain species of Cotylurus may be made by use of 
other criteria. Thus, C. flabelliformis may be differen­
tiated on the basis of testes shape, morphology of 
cercarlae, and host-specificity. The testes of C. flabelli­
formis are essentially "bean-shaped" with occasional slight 
lobatlon while those of C_. brevls and C. cornutus consist 
of three distinct lobes directed posteriorly. Adults of 
C. brevls have been reared successfully in domestic Pigeons 
Table 7. Development of Cotylvirus flabelllformls In the 
definitive host (Anas platyrhynchos dom). 
(Fixation of all specimens in warm APA; all 
measurements In millimeters) 
Age of adult 24-hrs 34-hrs 
Length . 5 9 { M - . 6 9 )  .60(.43-.72) 
Ant. seg. 1. 
Ant. seg. w. 
.31(.27-.36) 
.29(.25-.33) 
.29(.23-.35) 
.28(.25-.36) 
Post. seg. 1. 
Post. seg. w. 
.27(.19-.35) 
.20(.I6-.23) 
.29(.20-.38) 
.2l(.l9-.27) 
Post, seg./Ant. seg. .87(.67-1.03) l.02(.80-1.32) 
Oral sucker d. 
Oral sucker 1. 
.065(.057-.076) 
.06l(.049-.076) 
.0ô4(.057-.071 
.06l(.052-.071 
Pharynx d. 
Pharynx 1. 
.029(.023-.033) 
.30(.023-.035) 
.028(.026-.035 
.033(.023-.045 
Ventral sucker d. 
Ventral sucker 1. 
.076(.061-.085) 
.070(.049-.078) 
.080(.071-.088 
.071(.057-.085 
Ovary 1. 
Ovary w. 
.027(.021-.040) 
.05l(.038-,073) 
.06I(.052-.073 
.038(.023-.052 
Location ovary .033(.021-.042) .011(0-.052) 
Ant. testis 1. 
Ant. testis w. 
.108(.071-.142) 
.0731.054-.095) 
.120(.085-.166 
.076(.054-.107 
Post, testis 1. 
Post, testis w. 
.117(.069-.154) 
.082(.054-.107) 
.135(.114-.166 
.090(.067-.099 
Egg 1. 
Egg w. 
- -
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42-hrs 51-hrs 65-hrs 
.65 (.55-.78) .90(.60-1.08) .91(.74-1.09) 
.29(.21-.34) 
.32(.27-.37) 
.32(^25-.40) 
.32(.25-.38) 
.37(.32-.44) 
.33(.29-.37) 
.36(.31-.43) 
.26(.24-.29) 
.53(.42-.71) 
.26(.23-.31) 
.59(.35-.7l) 
.29(.25-.33) 
1.28(1.0-1.7) 1.56(1.14-2.10) 1.86(1.40-2.30) 
.066(.059-.080) 
.064(.057-.076) 
.076(.071-.088) 
.071(.069-.078) 
.O75(.066-.O92) 
.072(.066-.080) 
.031(.026-.035) 
.032(.023-,042) 
.035(.030-.038) 
.040(.038-.045) 
.039(.030-.047) 
.04I(.030-.060) 
.082(.073-.092) 
.082(.064-.095) 
.083(.073-.095) 
.076(.064-.085) 
.081(.070-.096) 
.081(.069-.095) 
.093(.085-.099) 
.046(.035-.054) 
.085(.073-.109) 
.0731.059-.083) 
.105(.071-.250) 
.081(.065-.100) 
.023(.021-.032) .047(.016-.083) .068(.015-.125) 
.I63(.13-.21) 
.079(.052-.095) 
.133(.102-.154) 
.085(.071-.130) 
.150(.135-.17l) 
.106(.074-.150) 
.157(.l4-.l8) 
.097(.071-.128) 
.142(.116-.173) 
.123(.083-.152) 
.150(.130-.195) 
.134(.075-.178) 
-
.080(.049-.107) 
.054(.040-.071) 
.109(.100-.120) 
.069(.064-.085) 
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Table J. (Continued) 
Age of adult 99-hrs 
Length 1.15(.87-1.43) 
Ant. seg. 1. 
Ant. seg. w. 
.39(.29-.42) 
.33(.29-.38) 
Post. seg. 1. 
Post. seg. w. 
.77(.57-1.00) 
.291.27-.35) 
Post, seg./Ant. seg. 2.23(1.71-2.68) 
Oral sucker d. 
Oral sucker 1. 
.079(.76-.085) 
.073(.61-.083) 
Pharynx d. 
Pharynx 1. 
.039(.038-.047) 
.044(.038-.049) 
Ventral sucker d. 
Ventral sucker 1. 
.091(.080-.099) 
.080(.071-.095) 
Ovary 1. 
Ovary w. 
.086(.074-.117) 
.08l(.074-.096) 
Location ovary .100(.064-.l60) 
Ant. testis 1. 
Ant. testis w. 
.144(.107-.171) 
.115(.095-.149) 
Post, testis 1. 
Post, testis w. 
.159(.128-.203) 
.130(.107-.I60) 
Egg 1. 
Egg w. 
.106(.096-.117) 
.068(.064-.085) 
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and Japanese quail whereas C. cornutus, primarily a parasite 
of Charadriiformes (gulls and terns), has also been reported 
in a natural infection of a Robin (Passeriformes) by Dubois 
and Rausch (196O), and has been experimentally reared in 
domestic Pigeons by several workers (Bittner, 1927; Dubois, 
1938, 1962; Baudet, 1939; Zajicek, 1968). However, attempts 
to infect Robins, domestic Pigeons, and charadriiform hosts 
with C. flabelliformis were unsuccessful in this study 
(Table 4). 
Results of the present study indicate that fixation of 
Cotylurus by pipetting specimens into warm AFA, while they 
are alive and without use of coverslip pressure, provides 
best results for morphological studies. Pronounced modifica­
tions in size and shape of various internal organs resulting 
from fixation under pressure have been noted by Ulmer (1952) 
and Blankespoor (1970). 
Development in Definitive Host 
Bell and Smyth (1958), in a study on Dlplostomum phoxini. 
Bell and Smyth (1958), listed criteria for evaluating in vivo 
and in vitro growth, development, and maturation of 
strigeoids. They established that growth rate and differ­
entiation are determined mainly by inherited traits and 
may depend upon the host species. Thus, arrangement and 
shape of testes, position of the acetabulum, length of the 
prepharynx, esophagus, etc. of a trematode may vary greatly 
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when reared in different hosts. Bell and Smyth (1958) 
listed seven distinct developmental stages of adult flukes, 
namely: (l) cell multiplication; (2) body shaping; (3) 
organogeny; (4) early gametogeny; (5) late gametogeny; (6) 
egg shell formation and vitellogenesis; and (7) oviposition. 
Development of adult C. flabelliformls in the domestic 
Mallard was determined by force-feeding tetracotyles ^  situ 
(from naturally infected snails) to 3-week-old laboratory-
reared ducklings and sacrificing pairs of hosts at intervals 
of 24-, 34-, 42-, 51-, 65-, and 99-hours post-exposure 
(Table 7), thus ensuring consistency of results obtained 
for any particular time interval. Photomicrographs of 
typical specimens obtained at each time interval are presented 
in Figure 5a-f. Living specimens were fixed without pressure 
by pipetting them into warm APA. All measurements are based 
on ten specimens (Table 7)• 
Twenty-four hours following ingestion of tetracotyles 
development was most noticeable in the hindbody (Pig. 5a) 
where enlargement and elongation had occurred. Later stages 
of organogeny resulted in early formation of the ovary and 
testes (recognizable by position and shape). 
At 34-hours, continued body shaping resulted in a 
hindbody equivalent to or slightly longer than the forebody. 
Stages of early gametogeny were Indicated by recognizable 
cellular differentiation of the ovary and testes. The 
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ovary showed a twofold increase in size (Table 7) and testes 
•underwent lesser changes in length and width to become 
oblong. Early stages of vitelline follicle formation were 
evident as shown by the appearance of longitudinal bands 
of vitelline cells lateral to the testes (Pig, 5b). The 
uterus and copulatory bursa had also begun to form. 
At 42-hours following ingestion of tetracotyles, the 
hindbody was longer than the forebody, and contained a 
complete reproductive system (late gametogeny). Viteliaria 
filled the hindbody along the ventral surface and the ovary 
had tripled in size in less than 24-hours (compare with 
ovary at 24-hrs in Table 7). Sperm were evident in the 
seminal vesicle, the vitelline reservoir was present, and 
untanned eggs were present in the uterus (Pig. 5c). 
During the next nine hours (51-hrs post-ingestion) the 
hindbody had increased in length by about 70^ from the body 
length at 42-hours and fully formed tanned egg shells were 
seen in the uterus (Pig. 5d). Oviposition began in less 
than 51-hours, since eggs were present in the feces of the 
ducks. 
Purther increase in size of the hindbody and reproduc­
tive organs occurred from 65-hours to 99-hours and numerous 
pairs of worms were observed in copulation during the time 
(Pig. 5e-f). No further increase in size was noted in 
specimens reared in domestic Mallards up to seven days. 
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Several approaches have been suggested and utilized in 
studying the growth of helminths ^  vivo and ^  vitro. 
Johri and Smyth (1956) utilized a histochemical approach in 
studying developmental morphology of helminths, but Smyth 
(1966) considered body weight to be the most satisfactory 
method of estimating growth rate so as to determine actual 
synthesis, but few data are available by this method. Most 
data for growth currently available are based on length 
measurements and observable changes. The latter were the 
criteria used in studying the 3^ vivo development of 
flabelliformis. Williams (1966) also used this approach in 
studying the development of C. cornutus in the duck but 
presented, at 24-hour Intervals, only average lengths of 
the hlndbody of ten flattened adult specimens fixed in hot 
4^ formalin. He indicates that no genital primordla were 
evident in the tetracotyle and that 72-hours were required 
before intrauterine eggs were present in the adult worm. 
Unlike metacercariae of Diplostomum phoxini, 
tetracotyles of C. flabelliformis show an advanced state 
of development primarily associated with development of the 
genitalia. Evidence of cell multiplication is indicated by 
the presence of a distinct bilobed cellular mass forming 
the genital prlmordium. The formation of the hlndbody is 
evident very early in tetracotyle morphogenesis (Pig. 2k-n). 
After partial development of the hlndbody and genital 
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prlmordliM, the tetracotyle assumes a "resting" state until 
Ingested by a suitable definitive host. 
Bell and Smyth (1958) also indicate a tendency for 
smaller trematodes (i.e., strlgeoids) to develop faster 
than larger ones especially in regions of higher nutritional 
level. Under to vitro conditions, Ferguson (19^0) and Bell 
and Smyth (1958) found development of Posthodiplostomum 
minimum and Diplostomum phoxlnl to require up to four times 
longer, than to vivo. I have found that development of C. 
flabelliformls to the egg-laying stage requires about 48-
hours under experimental conditions in the domestic Mallard 
(Table 7; Pig. 5a-f). Van Haltsma (1931) previously 
reported development to the egg-laying stage in 3 days in 
his experimental Infections of domestic Mallards. It seems 
probable that the small size of C. flabelliformls, advanced 
state and site of its development (upper alimentary tract), 
contribute to its rapid maturation In the definitive host. 
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EGG AND SPOROCYSTS 
Eggs of C. flabelllformls recovered from feces are large, 
operculate, thin-shelled, and measiire approximately 100 by 
70 microns. Development of the miracidium is completed in 
water, is temperature-dependent, and requires about 3 weeks 
at 22° C as shown by Van Haitsma (1931). The morphology of 
the miracidium is typical of that of other strigeids (see 
DSnges, 1964; Pearson, 1956). 
Repeated attempts to hatch miracidia from eggs in culture 
were unsuccessful due to bacterial contamination. Eggs 
containing fully developed miracidia, however, were placed 
in tanks containing laboratory-reared L, stagnalis but only 
one snail became infected. Approximately 6 weeks, as shown 
by Van Haitsma (1931), are required for emergence of 
cercariae. 
Cercariae of C. flabelliformis typically develop in 
slender, unbranched, vermiform, daughter sporocysts within 
the hepatopancreas of lymnaeid snails (Fig. l). The complete 
development of sporocyst generations has never been described 
in detail although Van Haitsma (1931) determined 6 weeks 
as the requisite time for development of daughter sporocysts. 
An atypical instance was reported by Hussey, Cort and Ameel 
(1958) who found a single example of an infected lymnaeid 
producing cercariae within mother sporocysts. 
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CERCARIAE 
The detailed morphology of this pharyngeate, longifurcous 
cercarla has been described and redescrlbed by several workers 
(Cort, 1917; Cort and Brooks, 1928; Cort and Brackett, 1937; 
Naslr, i960). In many respects it is similar to that of C_, 
brevis described by Naslr (196O) who presented criteria 
useful in differentiating these two species. 
To study the biology and host-parasite relationships of 
C_. flabelliformis larvae in snails, four widely separated 
collecting areas were selected at Jemmerson Slough, a complex 
of four large ponds of water in Dickinson County, Iowa. Of 
these four, collecting was concentrated on the west and 
south ponds since the east pond lacked an adequate snail 
population for extensive sampling and the north pond was too 
deep and vegetation too dense to permit effective sampling. 
Thick growths of cattail, river bulrush, sedge, smartweed, 
and hardstem dominate the shoreline during the summer. On 
the west and south ponds, heavy growths of foxtail are 
found in shallow water beyond the emergent vegetation and 
extend into water depths of about 4-feet. The collection 
areas were approximately 200- to 400-yards apart and were 
of such a size that:adequate numbers of snails could be 
sampled at random for study. Collecting was restricted to 
within about 50-yards of shore due to water depth and 
location of snail populations. Collections made from dif­
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ferent areas in a given week showed approximately the same 
percentage of infection with larval stages of Ç. flabelli-
formls. 
Weekly collections of L. stagnai is and S_. reflexa from 
sample areas were brought into the laboratory for examina­
tion. Individual snails isolated in small jars containing 
fresh filtered pond water were subjected to light for about 
12-hours and were then examined for emerged cercariae. 
Snails shedding C_. flabelliformis cercariae were isolated in 
individual aquaria for study and further data on cercarial 
infections were also obtained from crushed snails used in 
studies on metacercarial infections (to be discussed in a 
later section of this thesis). 
Cercariae of C. flabelliformis emerge from their snail 
hosts during the daylight hours. Emergence may be induced 
by artificial light during the night hours or prevented 
during the daylight hours by placing snails in darkness. 
Emergence of cercariae is temperature- and light-dependent. 
Emergence in Response to Temperature 
To determine the effects of temperature on emergence 
experimentally, snails were allowed to equilibrate in 
darkness in the refrigerator at a particular temperature 
for 2-hours and were then transferred to similarly 
equilibrated jars of filtered pond water. A tensor lamp 
was placed inside the refrigerator to Induce emergence. 
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The same snails were used throughout the temperature experi­
ments and all were exposed to light for 1-hour at each 
temperature. Results (Table 8) indicate that emergence of 
cercariae of £. flabelllformis varies with the water tempera­
ture and is negligible below 6° C. Therefore, lower tempera­
tures decrease emergence of cercariae despite the stimulus 
of adequate light. 
Table 8. Emergence of Cercarla flabelliformis from lymnaea 
stagnalls in the response to temperature. (Numbers 
indicate the number of cercariae emerged per hour) 
Temperature (C) 
Snail 26° 19.5° 15° 6° 4° 
1 215 91 13 0 0 
2 623 185 20 1 0 
3 489 121 51 8 0 
Following emergence, cercariae swim about constantly by 
revolving on the longitudinal axis and usually swim tail 
foremost, but occasionally may swim body foremost. In 
small containers large numbers of cercariae tend to swim 
near the surface. Cercariae rarely rest for the first 2- or 
3-hours after emerging. They swim in relatively straight 
lines with little alteration of direction unless some 
object is encountered, in which case the cercariae will 
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take one of two courses of action: (l) if the object is 
inanimate, they rebound on some new course, or (2) if the 
object is a snail, they will begin to swim in a tight spiral 
near the snail and finally settle on the shell or body 
surface. Cercariae do not appear to be either positively 
or negatively phototactic. After 3- or 4-hours of swimming, 
exhaustion of the cercariae is readily apparent; swimming 
behavior is greatly decreased and speed of movement is very 
slow. After 4 hours cercariae remain suspended in the water 
at angles vertical to the substratum and vibrate their tails 
at intervals of a few seconds. Occasionally these older 
cercariae swim in tight spirals and may descend to the 
substratum to remain. After about 5 hours almost all 
cercariae sink to the bottom where they lie motionless for 
long periods of time, occasionally vibrating their tails or 
exhibiting leech-like contractions, and eventually die. 
Cercarial tails are sometimes detached prior to death and 
curling of the fureal rami is often seen in dying specimens. 
Diurnal Emergence 
To determine the diurnal pattern of emergence of 
cercariae ten individually marked snails shedding Cercaria 
flabelliformis were placed in small containers in shade on 
the north side of a building where there was continuous 
sunlight from sunrise to sunset. Snails were left there 
for two days (water changed at frequent intervals) to insure 
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adaptation to natural photoperiods. Aquaria of filtered 
lake water were drawn and allowed to stand outside so that 
all water used in the experiment would be of approximately 
the same temperature. During the experiment snails were 
transferred at hourly intervals to fresh jars of water. 
Records of time and temperature were taken at the end of 
each hour. 
Living cercariae tended to concentrate near the surface 
and many became trapped in snail mucus or feces. Therefore, 
to determine numbers of emerged cercariae, at hourly inter­
vals specimens were fixed by adding 10-15 ml of concentrated 
formalin to each jar so that total numbers could be determined 
at a later time. Contents of the jars were examined with a 
stereoscopic dissecting microscope in a dish scored with 
parallel lines at approximately 1-cm intervals to avoid 
counting the same cercaria twice. 
The mean values and standard deviations of the numbers of 
cercariae emerged describe a bimodal curve when plotted 
against time (Graph 3). Emergence of cercariae began 
shortly after sunrise and increased markedly between the 
hours of 8 and 9 am with increasing light intensity. 
Cercarial emergence then steadily declined until midday, 
after which a gradual increase to a second peak of 
emergence occurred in the afternoon around the hours of 
4 or 5 pm. Another period of decline follows this second 
Graph 3. Effect of light on the emergence of cercarlae of Cotylurus flabelllformls 
from Lymnaea stagnalls. (Based on 10 snails; mean values indicated by 
dots; brackets indicate standard deviation of the mean) 
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peak as light intensity decreases until emergence finally 
ceases with sunset and beginning of darkness (compare the 
hours of 6 to 10 pm In Graph 3). No emergence of cercarlae 
was noted after the onset of darkness. The long day length 
and relatively short nights are due to the time of year 
during which the experiment was conducted (July 25-27, 
1970). 
Greatest variability in numbers of cercarlae emerging 
during any time was during the morning hours (Table 9). 
However, statistical comparison of means obtained for the 
hours of 7 and 9 am, 12 n, 4, 5, and 8 pm shows significance 
beyond the 95^ confidence interval (least significant dif­
ference), The variability in numbers of cercarlae emerging 
during the early morning hours is probably Indicative of 
the numbers of sporocysts present in these snails and their 
respective reproductive potentials. A total of 322,42? 
cercarlae were recovered from the ten snails during 48-
hours. Although the pattern of emergence of cercarlae 
from all snails was similar, great variations were observed 
among individual snails as to numbers of cercarlae emerging 
from them. 
Seasonal Emergence 
During the period of May to October 12, 1969, and from 
April 29 to October 3, 1970, approximately 6,000 lymnaea 
stagnalis and 3,000 Stagnlcola reflexa were taken in weekly 
Table 9. Numbers of Cotylurus flabelliformls cercariae emerged from ten Lymnaea 
stagnalis in response to light. (Numbers in the table indicate the 
mean, standard deviation of the mean, and range (in parentheses).) 
Experiment conducted July 25-27, 1970 
Date Time Number emerged Date Time Number emerged 
4 am 0 7/26/70 4 am 0 
5 am 0 5 am 0 
6 am 0.8 + 2.5(0-8) 6 am 0.5 ± 1.9(0-5) 
7 am 790 + 527(0-5462) 7 am 321 ± 134(0-1036) 
8 am 1672 4- 565(185-6530) 8 am 1471 ± 374(210-4245) 
9 am 2990 ± 473(796-5581) 9 am 2428 ± 456(989-5236) 
10 am 1447 ± 422(432-5019) 10 am 1156 ± 172(402-2314) 
11 am 1303 ± 314(322-3778) 11 am 841 ± 171(265-2318) 
12 n 1041 ± 143(402-1540) 12 n 631 ± 91(213-1006) 
1 pm 895 ± 132(212-1596) 1 pm 663 ± 134(227-1592) 
2 pm 1043 ± 161(369-1801) 2 pm 873 ± 167(306-2004) 
3 pm 1442 ± 315(534-3237) 3 pm 1207 ± 269(454-3092) 
4 pm 1437 ± 277(512-3499) 4 pm 1339 ± 219(544-2685) 
Table 9. (Continued) 
Date Time Number emerged Date Time Number emerged 
7/25/70 5 pm 
6 pm 
7 pm 
8 pm 
9 pm 
10 pm 
11 pm 
12 mn 
7/26/70 1 am 
2 am 
3 am 
1834 ± 238(752-2872) 
1216 i 183(435-2187) 
788 - 184(303-2371) 
231 ± 67(95-810) 
71 - 10(4-108) 
6 ± 2(0-30) 
0 
0 
0 
0 
0 
5 pm 1306 + 
6 pm 936 ± 
7 pm 598 + 
8 pm 203 + 
9 pm 50 + 
10 pm 2 + 
11 pm 0 
12 mn 0 
1 am 0 
2 am 0 
3 am 0 
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samples from the four collecting areas at Jemmerson slough 
and were examined for emerging Ç. flabelliformis cercariae. 
Results of these studies (Graph 4) indicate a bimodal 
seasonal fluctuation in emergence of C. flabelliformis 
cercariae from L. stagnalis, a lesser peak occurring in 
early summer and a much higher peak in July-October. 
Stagnicola reflexa, however, rarely harbors sporocyst infec­
tions of C. flabelliformis. The 3^ of the population of L. 
stagnalis shedding cercariae in the months of #Ly-June 1969-
1970 may be explained by examining the water temperature 
and age (size) of the snails involved. Shedding snails 
during these months were usually large (3.5-5.0 cm) indi­
cating their having acquired infections the previous years, 
and their hibernation and subsequent shedding of cercariae 
the following spring. There was also a close correlation of 
water temperatures in early May-June I969 and 1970 with the 
emergence of cercariae of C. flabelliformis. Prior to this 
date, emergence was inhibited by low water temperature 
(Graph 4). The absence of snails shedding Cercaria flabelli­
formis during the midsummer is explained by the normal death 
of infected, overwintered snails for their life span is 
approximately one year (l4 months according to Promming, 
1956). None of these overwintered snails collected during 
May-June and maintained in the laboratory lived more than 
one month. 
Graph 4. Seasonal periodicity of shedding of cercariae of Cotylurus flabelll-
formis from Lymnaea stagnalls and the influence of water temperature 
(1969-1970) 
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The high incidence of shedding snails in late summer is 
correlated with the previous arrival of infected ducks in 
the spring and requisite time for sporocyst development (egg 
to cercaria = 9 weeks). During their spring migration, a 
high percentage of Mallards, Lesser scaup, and Blue-winged 
teal are infected with adults of C^. flabelliformis (Graph l) 
whose eggs are expelled with feces. Because development of 
miracidia is temperature-dependent, Cotylurus eggs released 
by avian hosts remain undeveloped in early spring when water 
temperatures (Graph 4) are low. With rising temperatures, 
development of eggs, followed by infection of snails by 
miracidia occurs within a few weeks. Such a rise in water 
temperature then indicates not only miracidial emergence 
and penetration of snails but also the emergence of 
cercariae from previously infected snails and accounts for 
the rise in cercarial shedding in the fall (Aug.-Oct., 
1969; July-Sept., 1970). Fluctuations in water temperature 
and additional Cotylurus eggs provided by later-arriving 
birds would delay or extend the peak of cercarial emergence 
in late summer due to the additional time required for 
cercarial development. 
Longevity 
Longevity of Cercaria flabelliformis is temperature-
dependent (Table 10) but decreased temperature does not 
prolong the period of active swimming during which pénétra-
Table 10. Longevity of Cercarla flabelllformls at different temperatures 
Temperature 
emerged (cT 
Temperature 
maintained ( c )  
Active 
swimming 
period 
(hrs) 
Approx. 
^ alive 
after 
5 hours 
Approx. 
% alive 
after 
12 hours 
Total 
survival 
time 
(hrs) 
26 26 5 10 0 5.5 
26 13.5 5 33 20 27.5 
13.5 13.5 5 60 20 37.0 
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tlon may occur. All those cercarlae having emerged at 26 °C 
and maintained at that temperature were dead In less than 6 
hours. Of approximately one-third of those emerged at room 
temperature (26 °C), which remained alive but inactive 
after 5 hours of swimming, about one-fifth were maintained 
successfully at 13.5 °C for as long as 27.5 hours. At 
13.5 °C approximately one-fifth of the cercarlae emerged 
remained alive but inactive (on bottom) to 37-bours. After 
the initial active swimming period (5-hours maximum) those 
cercarlae remaining alive never swam again regardless of 
maintenance at a lower temperature. These cercarlae remained 
on the bottom and never swam again regardless of variation 
in temperature or even when suitable molluscan hosts were 
placed in their vicinity. 
Host-finding Ability 
Considerable controversy exists concerning the means by 
which larval trematodes, especially mlracidia and 
cercarlae, locate their hosts (for a review see Ulmer, 
1971). Numerous investigators have experimented with these 
larval stages and have arrived at varying conclusions con­
cerning host-finding ability. More recent investigations on 
mlracidia have given evidence for host-finding by mlracidia 
due to chemical substances released by snails. Ulmer (1971) 
found that the ability of Megalodlscus temperatus mlracidia 
to locate a suitable snail host within a few seconds depends 
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mainly on: (l) age of the mlracidia; and (2) diffusion of 
exudates from the snail host into the surrounding medium. 
It Is well established that cercariae respond to 
environmental Influences such as temperature, light, 
darkness, water currents, gravity, touch, pH, Og tension, 
CO2 levels, etc. However, little Information is available 
regarding host-finding of cercariae other than the 
schistosomes. Faust and Meleney (1924), Wesenberg-Lund 
(1934), McCoy (1935), and Smyth (I966) concluded that there 
was no evidence for host-location by cercariae. Komlya 
(1966), in a review article on Clonorchls sinensis, stated 
that cercariae do not actively seek a fish host but are 
stimulated to penetrate due to water currents caused by the 
fish. Clegg (1969) demonstrated that free sterols, 
especially cholesterol, stimulate penetration activity of 
cercariae of avian schistosomes in the genus Austrobilharzla. 
He suggested that cholesterol triggered a hormonal response 
in the cercaria since Thorson et al. (1968) had demonstrated 
hormone-like lipids in mlracidia of Fasciola. Mathlas (1925) 
suggested attraction of mlracidia of Cotylurus cornutus 
(=Strigea tarda) to molluscan hosts but no experimental data 
has been presented thus far concerning host-locating ability 
of the cercariae of any species of Cotylurus. 
A series of experiments (Pig, 3) in which age of 
cercariae, different snail.species, and varying diffusion 
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times of exudates from snails into the medium were considered 
and the results provide support that cercariae are able to 
locate snail hosts. Cercariae of C_. flabelliformis obtained 
from naturally infected L. stagnalis were induced to emerge 
with artificial light. After continual emergence for about 
15 minutes, cercariae were isolated by removal of the snail. 
Such groups of cercariae of known age were used to determine 
activity and host-finding reactions with inanimate objects 
and with snails under controlled conditions. Each exposure 
of a single cercaria of known age was made by carefully 
pipetting it into the center of a standard 9-cm (diameter) 
petri dish containing 30 ml of filtered lake water (pH 8.0-
8.4). Carbon paper, onto which the shape of the petri dish 
had been traced with center and subdivisions marked, served 
as a background facilitating observation and provided 
accuracy in mapping the path of movement of each cercaria. 
A Luxo Magnifier with a circular, fluorescent 22-watt bulb 
(allowing equal illumination from all directions) provided 
the only source of illumination and facilitated observations 
of cercarial movements about the dish. The magnifying lamp 
was maintained at a constant height of 4 inches above the 
test container. New petri dish lids were used throughout 
the experiments and if reused were thoroughly washed, 
rinsed 15 times in distilled water, and allowed to dry. 
All cercariae were gently released with new pipettes into 
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the center of the dish from the same angle. The movements 
of each cercaria were traced at 15-second intervals up to 
a maximum time of 7-5 minutes. When snails were employed, 
their movements were restricted by a piece of fiber tape 
attached to the dorsal surface of the shell and to the side 
of the container. The tape was not allowed to touch the 
water and this attachment allowed only the head and foot of 
the snail to enter the water. Snails thus positioned were 
allowed to remain for varying amounts of time to allow 
exudates to diffuse through the water. The time a snail was 
allowed to remain in the dish prior to the beginning of 
exposure to cercariae was recorded as "diffusion-time ". Two 
snails of each of the 5 species used were alternated to 
facilitate the control of water temperature and to allow 
experimentation to proceed as quickly as possible with any 
one age group of cercariae. Lymnaea stagnalis (3.9 and 3.5 
cm) and S. reflexa (3.0 and 3.5 cm) were used as normal 
molluscan hosts. Heliosoma trivolvis (1.9 and 2.0 cm), 
Physa gyrina (1.5 cm), and Oxyloma retusa (1.4 and 1.5) 
were used as abnormal hosts although H. trivolvis and P. 
gyrina may serve as suitable hosts under conditions of 
hyperparasitism. 
Before actual trials began, cercariae 0- to 5-hrs old 
(post-emergence) were tested for their activity and movements 
in response to the physical shape of the container and to 
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inanimate objects (Pig. 3). Random, active movement was 
observed in cercariae of 0- to 3-hrs and thereafter activity 
of the cercariae was greatly reduced. Cercariae 0- to 1-hr-
old were most active. Response of cercariae of 0- to 5-hrs-
old to the presence of an inanimate object (stone) instead 
of a snail revealed random movement once again. Cercariae 
made no attempt to attack the stone and the stone was rotated 
l80° between each trial as for snails (Pig. 3). 
Several hundred cercariae 0- to 1-hr-old (most active 
age) were tested for positive penetration activity of each 
snail species. Individual snails of each species were tested 
at varying diffusion times against cercariae of constant age 
(0- to 1-hr). The dish was carefully rotated l80° between 
trials to prevent mixing of contents. The results obtained 
for attraction of 0- to 1-hr-old cercariae at varying diffu­
sion times indicate that response of the cercariae was 
quicker after a diffusion time of 2- to 3-hrs (Graph 5) 
for both normal and abnormal hosts. Therefore, this time 
was used as the 'optimum' diffusion time for choices 
between species of snails attached on opposite sides of the 
container. Routine procedures of rotation, temperature 
control, etc. were followed and the results are summarized 
in Graph 5. After a diffusion time of 2- to 3-hrs, 
cercariae located L. stagnalis in less than a minute and 
located S. reflexa in just a little more than a minute. 
Graph 5. Time for location and attachment of cercarlae of Cotylurus flabelll-
formis (constant age 0-1 hr) to normal snail hosts (L. stagnalls, 
S. reflex) and abnormal snail hosts (H. tri vol vis, 0^. retusa, P. 
gyrina) with varying diffusion time. (Based on 348 trials; dots 
Indicate mean values; brackets indicate standard deviation of the 
mean) 
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Longer periods, as indicated by the standard deviation of 
the mean, were required for location of H. trivolvls, P. 
gyrina, and 0. retusa indicating random movement of the 
cercariae. 
In trials Involving choices between normal and abnormal 
hosts, one snail of each species was attached on opposite 
sides of the container. Exposures were conducted as 
previously discussed and the dish was rotated in the usual 
manner. lymnaea stagnalis was the most favored of all the 
snails involved and cercariae responded very rapidly to its 
presence. Stagnicola reflexa was favored over P. gyrina but 
not over H. trivolvis. Helisoma trivolvis evidently releases 
some substance(s) attractive to cercariae of C. flabelli-
formls since it was also competitive with L. stagnalis 
(Graph 6). 
Both P. gyrina and H. trivolvis are commonly parasitized 
by a great many species of larval trematodes and may be 
successful intermediate hosts for metacercariae of C_. 
flabelllformis under conditions of hyperparasitism. How­
ever, the test snails, obtained from nature and examined 
at the conclusion of these experiments, were found to be 
uninfected by sporocysts or rediae and would therefore have 
been unsuccessful hosts for cercariae which might have 
penetrated them. 
Results of the 569 individual cercariae tested in this 
Graph 6. Time for location and attachment of cercarlae of Cotylurus flabelll-
formls (constant age 0-1 hr) to snail hosts when given a choice 
between species. (Based on 121 trials; dots indicate mean values; 
brackets indicate standard deviation of the mean; percentages of 
successful attachment in parentheses) 
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series of experiments may be summarized as follows: (l) 
time for location and attachment to some species of snails 
(Physa gyrlna, Hellsoma trivolvls, Oxyloma retusa) de­
creases with Increasing diffusion time (Graph 5); (2) loca­
tion and attachment to lymnaea stagnalls and Stagnicola 
reflexa occurred within a matter of seconds regardless of 
diffusion times of 1- to 4-hrs; (3) younger cercariae are 
most active and most capable of locating molluscan hosts 
rapidly; (4) evidence of chemoattraction was seen In choices 
between snail species: lymnaea stagnalls is preferred 
although Stagnicola reflexa and Hellsoma trivolvls are 
competitive (Graph 6). 
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METACERCARIAE 
Seasonal Periodicity of Metacercarial Infections 
A total of 950 L. stagna lis and 950 S_. reflexa were 
examined for metacercarial infections from April 29 to 
October 3, 1970. Random samples of 25 snails of each species 
were crushed and the tissues teased to release tetracotyles 
and other larval trematodes. All trematode larvae insofar 
as possible were identified and metacercarial stages of 
Cotylurus categorized as (l) developing forms; (2) precysts, 
and (3) tetracotyles. As indicated in Graphs 7, 8, and 9 a 
bimodal seasonal increase may be observed in the appearance 
of fully formed tetracotyles in L. stagnalis (Graph 7) and 
S. reflexa (Graph 8), occurring shortly after the observed 
peaks of shedding of Cercaria flabelliformis as previously 
discussed. Heavy Infections of old overwintered snails in 
the spring (April-May) resulted from cercarial invasion the 
previous summer (Graph 7j L. stagnalis). A precipitous 
decline in the mean number of tetracotyles recovered during 
the month of June is correlated with the decrease in the 
number of large snails in the population (Graph 9), such 
individuals having reached the end of their life span (about 
l4 months according to Promming, 1956). Metacercarial 
infections remained at a low level through the middle of 
the summer and a sharp increase in the number of tetracotyles 
occurred during September. This increase continued until the 
numbers recovered approximated the number of tetracotyles 
Graph 7. Seasonal periodicity of Cotylurus f j^abe llif ormis metacercarial 
Infections in lymnaea stagnalis (I970). (Based on 95O snails) 
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recovered from overwintered snails In the spring (Graph 9). 
The number of developing forms Increased markedly in July-
August and resulted from earlier cercarial shedding; the 
decline in numbers of developing forms was followed by 
increased numbers of tetracotyles (Graphs 7 and 8). Marked 
changes in the numbers of precysts is not noticed since 
morphogenesis through the precyst stage takes place in less 
than a week (22 °C). 
In S. reflexa the bimodal pattern of tetracotyle infec­
tions is not so deary defined as in L. stagna lis ( Graph 8), 
Although numbers of tetracotyles in S, reflexa are consist­
ently lower than in L. stagnalis, more were recovered in 
spring and late summer than at other times of the year. 
The lower numbers of tetracotyles recovered from S. 
reflexa was probably due to competition from other larval 
trematodeS; for reflexa commonly harbored two or often 
three species of larval trematodes (echinostome metacercariae, 
Plagiochis sp. sporocysts, Haematoloechus rediae, 
Megalodlscus rediae) whereas L. stagnalls harbored single 
infections only. 
Because cercarial and metacercarial stages of C. flabelli-
formls are fully developed in their snail hosts and infection 
by adults is highest when ducks are migrating (spring and 
fall) and because adults attain sexual maturity rapidly 
(within 48-hrs), all stages in the life history appear to 
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be adapted to the migratory habits of the definitive hosts, 
and hence the species is associated with the ecological 
pattern designated by Belopolskaya (1956) as a 'migration 
species' of parasite. 
Influence of Temperature, Host, and Host Size 
on Metacercarial Development 
Several studies have established that the developmental 
rate of trematode larvae in their molluscan hosts is 
temperature-dependent (Stirewalt, 1954; Gumble et al., 1957; 
Olson, 1966; Watertor, 1968). However, little work has 
been done relative to the influence of temperature on the 
holometabolic metamorphosis of Cotylurus. Nasir (196O), in 
following the metacercarial development of C. brevis, stated 
that tetracotyle formation required 23 days during the summer, 
but in the autumn only late precystic stages had developed 
after 40-45 days when the experiment was repeated at the 
same temperature (19-24° C). Following a series of experi­
ments, Cort et al. (1941, 1944) concluded that development 
of C. flabelliformis metacercariae to the tetracotyle stage 
required between 16-27 days (room temperature ?) and was 
dependent on the intensity of infection, snail size, and 
snail species. However, Cort and co-workers (1941, 1944) 
did not study the influence of temperature, nor did they 
attempt to control the number of cercariae used in exposing 
snails, or indicate the exact size of the snails used in 
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their experiments. Basch (1969), in studies on the life 
history of Cotylurus lutzi, confirmed Corf s observations 
and found that 30 to 40 tetracotyles developed within 17 to 
18 days from exposure of snails to 50 cercariae each, but 
that 21 or more days were required when snails were exposed 
to 200 cercariae each. Therefore, no precise information 
is available for Cotylurus on the influence of snail size 
with regard to development in carefully controlled experi­
ments . 
The purpose of this experiment was to determine the 
effects of temperature, as well as size and species of 
Intermediate host on metamorphosis of C_. flabelliformis 
cercariae in two species of laboratory-reared snails, 
L. stagnaiIs and S. reflexa. 
As Indicated in Tables 11 and 12, 126 snails of each 
species were selected from laboratory cultures. Prom each 
of three size groups of 42 selected Individuals, three 
groups of l4 snails were chosen and were maintained at 
temperatures of 14, 24, and 32° C respectively. Two snails 
were examined from each size group at each temperature for 
each species every six days to study the progress of 
development. When the tetracotyle stage was reached, no 
more snails were examined from that particular group. 
Because intensity of infection is known to influence 
the time required for encystment, each snail was exposed 
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Table 11. Effects of temperature and snail size on the 
metacercarial development of C. flabelllformls 
In L. stagnalls 
Temperature (c) 
12-14° 22-24° 30-32° 
Group I (3.5-4.2 cm) 
No. snails 14 8 4 
Ave. no. met ./snail 2.0 10.7 5.5 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
Group II (2.1-2.9 cm) 
No. snails 14 8 4 
Ave. no. met./snail 1.3 7.0  4.0 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
Group III (0.9-1.9 cm) 
No. snails 14 8 4 
Ave. no. met./snail 0.8  3 .8  2.2 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
to the same number (25) of cercariae in a small jar. Al­
though penetration by cercariae is normally attempted 
within seconds, all snails were allowed to remain in the 
cercarial suspensions for one hour. No cercariae were seen 
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Table 12. Effects of temperature and snail size on the 
metacercarial development of C_. flabelliformis 
in S. reflexa 
Temperature (c) 
12-14° 22-24° 30-32° 
Group I (2.4-3.2 cm) 
No. snails 14 8 4 
Ave. no. met./snail 1.8 4.5 4.2 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
Group II (1.5-2.3 cm) 
No. snails 14 8 4 
Ave. no. met./snail 2.2 5.6 5.8 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
Group III (1.0-1.4 cm) 
No. snails 14 8 4 
Ave. no. met./snail 0.6 2.8 3.8 
Time required to reach 
tetracotyle stage (days) 42+ 18-24 12 
in the water following this period of exposure to snails. 
Snails were then placed in aquaria and carefully maintained 
at the selected temperatures in previously adjusted incu­
bators and at room temperature. Water was changed regularly 
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following equilibration and all snails were maintained 
according to routine methods. A tensor lamp was placed in 
each incubator to maintain normal photoperiod. 
The results of this experiment are presented in Tables 11 
and 12 and Graph 10. Of the 252 snails exposed to infection, 
successful metacercarial development occurred in all sizes 
of both species, but fewer metacercariae developed in the 
smaller snails of each species regardless of temperature 
(Group III: Tables 11 and 12). At 12-l4° C the number of 
metacercariae was limited by temperature and snail size 
(Tables 11 and 12). Higher temperatures also limited the 
development of tetracotyles in L. stagnalis (Table 11), but 
this trend was not apparent in S. reflexa (Table 12), 
Development of metacercariae was more successful in L. 
stagnalis than in S_. ref lexa at 22-24° C, but this difference 
in numbers of successfully developing metacercariae for the 
two host species was not apparent at lower or higher tempera­
tures . 
At any given temperature regardless of snail size, the 
time required for development is the same (Graph 10). At 
12-l4° C, development never passed the precystic stages in 
most snails during the 42-day duration of the experiment. 
At 22-24° C the majority of tetracotyles developed in 
10-24 days, although one precyst had nearly metamorphosed 
to the encysted stage in 12 days in L, stagnalis. At 
Graph 10. effects of temperature and snail species on the time requiared for 
development of metacercariae of Cotylurus flabelllformis. The 
time required for metacercarial (tetracotyle^ development is tempera­
ture dependent and was the same for L. stagnai is and S_. ref lexa 
regardless of snail size 
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30-32° C, rapid development to the tetracotyle stage took 
place by 12 days and was probably completed In 8-10 days 
since late precysts were present in most snail at 6 days. 
Inhibition of development of C. flabelliformis 
metacercariae at lower temperatures is in accordance with 
results reported by some investigators who have dealt with 
other species of larval trematodes. Retardation of 
metacercarial development suggests retardation of metabolic 
processes presumably due to lower temperatures. However, 
metabolic processes of L. stagnalis are not retarded at 
lower temperatures according to Vaughn (1953), who reported 
that growth of this species was accelerated at lower tempera­
tures and decreased at higher temperatures. McCraw (1961) 
reported an accelerated growth rate at 13° C for Lymnaea 
humllis Say. 
According to Hyman (I967), the ovotestis of pulmonates 
consists of a variable number of follicles related to the 
size of the snail (about 100 in L. stagnalis). McClelland 
and Bourns (I969) indicate that egg-laying of laboratory-
reared L. stagnaiis commences about I6 weeks following 
hatching, at which time snails have attained a length of 
more than 2.5 cm. This information agrees with my observa­
tions on laboratory-reared snails in which the ovotestis is 
small and possesses few follicles in specimens having shell 
lengths of 0.9-1.9 cm. The small size and state of develop-
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ment of the ovotestis of L. stagnalis is a probable explana­
tion of the limited numbers of metacercariae found therein. 
It is probable that this factor may also be of consequence 
in the development of C. flabelliformis tetracotyles in S^. 
reflexa. 
The development of C. flabelliformis metacercariae also 
appears to be related to the species of snail in which the 
cercarial generations are produced. Cort et al. (19^5) 
found that cercariae produced in L. stagnalis were more 
infective for L. stagnalis serving as the second intermediate 
host than for S. emarginata and vice versa. He stated that, 
"Almost no development of metacercariae takes place in L. 
stagnalis when exposed to infection with the cercariae of 
C, flabelliformis from S. emarginata . . . Also, almost no 
development of metacercariae takes place in juveniles of 
S. emarginata when exposed to infection with the cercariae 
of C. flabelliformis from L. stagnalis." In my experiments, 
cercariae of C_. flabelliformis had been obtained from L. 
stagnalis, and this may explain why fewer metacercariae were 
recovered from S. reflexa (Table 12). However, the latter 
relationship was not as pronounced in my experiments 
involving L. stagnalis and S. reflexa (Tables 11 and 12). 
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BIOLOGY OF SECOND INTERMEDIATE HOSTS 
All L, Stagnalis examined from the study areas (except 
those shedding cercarlae of C. flabelliformls) became 
infected with large numbers of metacercariae of this species 
by early June (Graph 9). Prior to early June, only 3^ of 
the L. stagnalis were shedding cercarlae. Such a small per­
centage of infected lymnaelds would have had to produce 
extraordinarily large numbers of cercarlae if they alone 
were responsible for the abundance of snails harboring 
tetracotyles later in the summer. We have already seen that 
the numbers of cercarlae shed by a few snails is very high 
(Graph 3)» but that the cercarial life span is very short 
(less than 6 hours). Therefore, regardless of the numbers 
of cercarlae being shed, one can see that their activity is 
not prolonged over a sufficiently long period of time to 
explain their distribution throughout the entire snail 
population. In order to obtain a better understanding of 
the means by which cercarlae are dispersed to the snail 
population, the following experiments were devised to 
determine; (l) the distance a shedding snail might travel 
in a given amount of time; (2) the approximate population 
density of snails in the areas where shedding individuals 
were collected; and (3) the speed and distance that 
cercarlae may travel after emergence. 
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Dispersal Studies 
Because L. stagnalis inhabits standing waters such as 
lakes, ponds, and ditches, the currents created by rapidly 
flowing waters probably do not serve as a means of dispersal. 
Crawling activity of these snails on the substratum or on 
vegetation is relatively slow, and Pelseneer (1935) has 
given the rate of locomotion for L, stagnaiis as 8.5 cm per 
minute. According to Hyman (1967), freshwater pulmonates 
may spin a mucous cord on which they ascend or descend or 
may attain vertical distribution by regulating the amount 
of air in the pulmonary sac. Respiration in L. stagnalis is 
aerobic and these snails are seen to rise to the surface 
where they take in air through the pneumostome. When the 
snails are at the surface taking atmospheric oxygen they 
may remain there for a few minutes or even hours (Hyman, 
1967). Obviously, snails floating at the surface are subject 
to wave action created by wind and their movements are 
restricted only by vegetation and the shoreline. The 
intervals between surface visits are dependent upon oxygen 
tension of the water, temperature, and season of the year 
(Hyman, 196?). As water temperature rises, oxygen tension 
decreases and snails take less oxygen by the cutaneous 
route and visit the surface more often to take oxygen via 
the pulmonary route (Hyman, 1967). Precht and Otto (1950) 
reported surface visits at intervals of 37 minutes in 
115 
spring, 33 In summer, and $6 in autumn at 23° C for L. 
stagnalis. During the summers of I969 and 1970 water 
temperatures in the Okoboji region were high in the sample 
areas (Graph 4) and large numbers of L, stagnalis were 
observed at the surface, suggesting that snails spent a 
great amount of time at the surface obtaining oxygen. ]ys.ny 
snails (l. stagnalis and s. reflexa) were observed floating 
for prolonged periods at the surface and moving at a rapid 
rate by wave action, I have observed floating L. stagnalis 
moving approximately 3 feet per minute while taking 
pulmonary oxygen when surface winds were about 10 mph. 
The following experiments were devised to determine if wave 
action was Important in the dispersal of large numbers of 
snails over great distances in a short period of time. 
Six hundred and eighty-five L. stagnalis with shell 
lengths of 2.5-4.5 cm were taken from the two collecting 
areas on the west side of Jemmerson Slough and brought into 
the laboratory to be marked. Snails were allowed to air-
dry for about 5 minutes before the spires were painted with 
a bright red fingernail polish, allowed to dry and returned 
to aquaria. (One dozen snails were painted in this manner 
and observed for toxic effects for 24 hours.) 
The first dispersal experiment involving 16O L. stagnalis 
was carried out in the more southerly collecting area on the 
west pond of Jemmerson Slough where the water depth was 
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about 2 feet at the point of release. All snails were 
released at one spot about 40 yards from shore in an open 
channel in the vegetation where it was possible for them 
to move into deeper and more open water or toward the dense 
vegetation near shore. The point of release was marked, 
wind direction and approxiimte velocity, water depth, and 
temperature recorded. Eighteen hours later, the area was 
thoroughly searched within 200 ft of the release point. 
Only 36 snails were recovered within a radius of 100 ft of 
the release point and the recovery sites were distributed 
toward shore in the direction of wind movement where sparse 
vegetation allowed passage. It is likely that the majority 
of the snails were within the dense mat of vegetation 
bordering the recovery sites. No marked snails were found 
in open and deeper water (3-3.5 ft) within 200 ft of the 
release point. Dispersal of snails into open water areas 
was undoubtedly hindered by the direction of the prevailing 
winds. 
In a second trial, 525 marked L. stagnalis were released 
in a similar manner in the collecting area on the north side 
of the west pond at Jemmerson Slough. Most snails were 
released at this second site since the water was deeper 
(3 ft at release point), enclosed by sparse vegetation and 
the wind was blowing toward open water making movement of 
snails easier and the effects of wave action more prominent. 
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Again, release point, wind direction and approximate velocity, 
water depth, and temperature were recorded. Twenty-four 
hours later only 6l snails were recovered within a radius of 
200 ft from the release point (Pig. 4). The recovery sites 
can be divided into two groups as seen in Figure 4. One 
group, consisting of 40 snails were recovered in the 
vegetation and in the shallower water within a few feet of 
the release point, whereas snails of the second group were 
scattered in the direction of the wind, through the sparse 
vegetation, into open water where they were recovered at 
distances up to 120 feet. 
In both trials it can be seen that the majority of snails 
were dispersed more than a distance of 200 ft from the 
release point within a relatively short period of time. 
Because the dispersal of recovered snails was in the direc­
tion of the prevailing wind, it can be assumed that the 
resulting wave action was the physical factor influencing 
the rapid removal of these snails from the study areas. 
Rapid dispersal of snails in this manner provides a probable 
explanation of the distribution of shedding L. stagna11s 
over the slough in a short period of time. Thus, movements 
of the snail population may occur across distances of 
several hundred yards instead of being localized within 
areas of a few hundred feet. 
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Population Density of Snails 
The ability of cercariae to become situated within a 
second intermediate host is dependent not only on the 
dispersive travel of the host snail and of cercariae, but 
also on the distribution and number of suitable second inter­
mediate hosts in the molluscan population. I have determined 
that, during the daylight hours, snails harboring sporocysts 
of C. flabelliformis release large numbers of cercariae which 
are short-lived and that these snails are potentially capable 
of travelling great distances across the slough in a short 
time. However, if the second intermediate hosts are not 
randomly distributed but are localized in small areas, 
chances of the shedding snails coming in contact with these 
second intermediate host snails is greatly decreased unless 
cercariae are able to seek out suitable hosts over relatively 
great distances during their short life span. 
Lymnaea stagnalis and S. reflexa populate the periphery 
of the slough within about 50 yards of shore. In the spring, 
young snails were densely crowded at the edge of Jemmerson 
Slough; larger, older, overwintered snails were found in 
water depths of 1-3 ft about 30-50 yards from shore (within 
the limits of vegetation). The population density of 
snails rapidly declined beyond this point as vegetation 
became sparse and water depth increased considerably. Ten 
random samples were taken from each area during midsummer 
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of 1969 to obtain an approximation of the numbers, species, 
and distribution of snails in the two sample areas where 
the dispersal studies were carried out. In the random 
samples all snails within an approximate one square yard 
area were removed, counted, and identified, and the location 
and characteristics of the area recorded. Results from these 
samples are presented in Table 13. A larger variety and 
population of snails was found in the shallower grassy areas 
within about 30 yards of shore. In Table 13 it can be seen 
that as many as II5 L. stagnalls and 9 S. reflexa were 
recovered in a single random sample. The average number of 
potential molluscan second intermediate hosts is high, 
averaging 83.5 and 46.3 snails per sample in collecting 
areas I and II, respectively. 
Since snails were distributed in a random manner and 
were present in large numbers it is easier to visualize 
how, through rapid dispersal, 3$ of the population of the 
L. stagnalls could cause the infection of the remainder of 
the snail population in a short period of time. 
Dispersal of Cercariae 
Once emerged from a shedding snail, further dispersal 
of cercariae is partly dependent on the swimming activity 
of the cercariae themselves. To further investigate the 
dispersal of cercariae, experiments were conducted to 
determine: (l) the swimming speed of newly emerged 
Table 13. Random samples of gastropods from two collecting areas in Jemmerson 
Slough to determine snail density (midsummer 1969) 
Snails 1 2 3 4 
Sample 
5 
Number 
6 7 8 9 10 Ave. 
Collecting area I 
Lymnaea stagnalis 97 114 115 37 56 67 106 59 20 56 72.7 
Stagnicola reflexa 2 
- 9 - 1 12 3 1 5 2 3.9 
Heliosoma sp. 3 4 2 3 - 1 2 - - 1 1.6 
Physa sp. 3 0 3 - 1 1 16 4 1 4 3.3 
Aplexa sp. - - - - - - - - - - 0 
Gyraulus sp. - - - - - - 4 - - - 0.4 
Total 105 118 129 40 58 81 131 64 26 63 83.5 
Table 13. (Continued) 
Snails 11 12 13 14 
Sample 
15 
Number 
16 17 18 19 20 Ave. 
Collecting area II 
Lymnaea stagnalis 54 43 20 8 29 52 68 40 46 40 40.0 
Stagnlcola reflexa 2 2 1 - - 3 5 2 18 8 4.1 
Heliosoma sp. 1 - - - - - 1 - 2 1 0 .5  
Physa sp. - - 1 1 - - - - . 3 6 1.1 
Aplexa sp. - - - - - 2 - - - - 0.2 
Gyraulus sp. 3 1 - - - - - - - - 0.4 
Total 60 46 22 9 29 57 74 42 69 55 46.3 
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cercariaej and (2) the distances at which snails could be 
successfully penetrated under simulated conditions. 
The swimming speed of Cercaria flabelliformis was 
determined by finding the amount of time necessary to swim 
a given distance without the influence of currents or 
attractants. One arm of a Plexiglas Y-shaped maze was 
closed off so that a channel 16 inches long and approxi­
mately 2 inches wide was formed. Incandescent lamps were 
positioned to provide equal illumination on all sides. A 
constant water depth of 1 cm (filtered pond water) was 
maintained at all times. All trials were conducted at room 
temperature. Cercariae 30-minutes-old were released in 
groups of 25 at one end of the channel and a dissecting 
microscope was focused on the "finish line" at the opposite 
end of the channel. As each cercaria crossed the line it 
was removed with a pipette and the elapsed time recorded. 
Results of ten trials involving a total of 250 
cercariae of constant age (30 min) indicate a relatively 
slow swimming speed averaging 6 minutes 48 seconds (1 min, 
25 sec to l6 min). However, some cercariae reversed 
direction or maintained casting patterns when the side of 
the container was encountered, thus greatly increasing 
their elapsed time. Cercariae which swam a relatively 
straight course traversed the distance in about 2 or 3 
minutes. 
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To determine the distance at which cercariae could 
effectively find suitable molluscan hosts, a shedding snail 
with known shedding rate was used to expose laboratory-
reared S. reflexa in a l4-foot fish-holding tank. The tank 
was about 36 inches wide and was filled to a depth of I5 
inches with filtered lake water. Pour laboratory-reared 
S, reflexa were placed in each .25-inch mesh wire enclosure 
(16 inches) at 2-foot intervals down the center of the tank. 
The wire enclosures allowed a vertical as well as a horizontal 
distribution of snails. After exposure to the shedding snail 
for 5 hours, snails were removed and maintained in separate 
aquaria for 12 days to allow further development of 
metacercariae to a size that would facilitate recovery. 
The fact that the only infected snails were at distances 
of 2 and 4 feet (Table l4) indicates that a shedding snail 
is capable of exposing snails in a path approximately 8 feet 
wide and at least 15 inches in depth as it moves in nature. 
The effectiveness of exposure is, of course, dependent on 
the amount of time spent in a given area, the number of 
cercariae shed, water currents, vegetation, and the number 
and distribution of suitable molluscan intermediate hosts. 
The numbers of developing forms and early precysts recovered 
Indicates that vertical distribution of the snails is 
important since (l) cercariae of C. flabelliformis swim 
near the surface (in containers) and (2) their lymnaeid 
124 
Table l4. Distribution of C. flabelllformls metacercarlae 
to StagnlGola reflexa at varying distances from 
the shedding snail. (Based on 24 laboratory-
reared snails 2-3 cm long) 
Distance (feet) 
2 4 6 8 10 12 
No, metacercarlae 28 5 0 0 0 0 
recovered 
No. infected per group 3 3 0 0 0 0 
hosts visit the surface at regular Intervals to obtain 
atmospheric oxygen. Because surface visits of lymnaelds 
are dependent on oxygen levels and temperature of the water 
(Hymn, 1967; Precht and Otto, 1950), it would appear that 
this is a further adaptation of the cercarial stage to 
locate suitable molluscan hosts (lymnaelds). 
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MICROSCOPY OF METACERCARIAE AND ADULTS 
Developing Forms 
The development of £. fiabelliformis metacerariae in 
second intermediate hosts involves a holometabolic 
metamorphosis and was described at the light level by Ulmer 
(1957). The body undergoes a breakdown of cercarial organs 
concomitant with an approximately eightfold increase in size 
until reformation of internal organs typical of the 
metacercaria begins, at which time the body undergoes a 
reduction in size. Cort (1941) has categorized the stages 
of development into (l) developing forms, (2) precysts, and 
cysts (tetracotyles) according to the scheme discussed in 
thé Summary of the Life Cycle. In developing forms {Pig. 6a) 
the body is flattened, transparent, and irregularly elongate. 
Penetration glands and ducts, spines, and the digestive 
tract typical of the cercaria disappear. The tegument 
appears as a thin, delicate, translucent membrane. The 
oral sucker and acetabulum never seem to completely degen­
erate but remain outlined by groups of nuclei. Elements 
of the osmoregulatory system persist as a few flame cells 
and excretory tubules. As development proceeds, the number 
of flame cells gradually increases. The general body 
parenchyma consists of scattered cells from which long, 
digitiform or bulbous processes (cytoplasmic strands) extend, 
giving these cells an unusual stellate appearance (Pig. 12). 
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These stellate cells forming the cytoplasmic network have 
been referred to as "Riesenzellen" by Szldat (1924) and 
"cellules géantes" by Dubois (1934). Firm desmosome 
I 
connections at the membrane junctions of processes extending 
from adjacent cells results in the characteristic reticulate 
pattern seen at the light-microscope level (Pig. 7). Within 
cytoplasmic strands, distinct inclusions and organelles such 
as lipid droplets and mitochondria may appear (Pigs. 8, 11, 
14). Large, conspicuous vacuoles are interspersed in the 
parenchyma at this stage of development (Pigs. 7, 8, 9). 
Later in this developmental stage, there is an increase in 
cell number and a decrease in size accompanied by accumulation 
of glycogen and lipids in the processes of the stellate cells 
noted above. 
Ultrastructurally, the surface of the developing forms 
is composed of numerous, long, filamentous, microvlllar 
projections (Figs. 8, 10, ll) which are modifications of 
the tegumental zone external to the basal lamina. Such 
microvilli are of uniform structure along their length and 
are unbranched. Microvilli of developing forms differ from 
those of the early precystic stages in being shorter, 
unbranched, and fewer in number. Dimensions of the 
microvilli vary, but average 2-3 (a in length and .08 u in 
width. The surface membrane is approximately 80 1 thick. 
Vesicles, presumably pinocytotic, are sometimes seen along 
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the surface membrane. Some evidence of the formation of 
endocytotic vesicles by the microvilli may also be noted. 
A tegumental syncytial layer about .04-.09 M thick 
separates the surface membrane from the basal lamina. A 
few large mitochondria (.38-.52 u) appear, but vesicles are 
rarely seen in the tegumental matrix. The basal lamina is 
relatively smooth in contour and about 80 ^  in thickness. 
Poorly developed circular and longitudinal muscle bundles 
lie below it (Pig. 10). Internal to these muscle layers lies 
a loose arrangement of cells (the stellate "Riesenzellen" 
noted above) and large empty spaces (Fig. 9). The latter 
are the large vacuoles among the reticulate pattern of 
cytoplasmic strands seen at the light level (Fig. J). Al­
though the cells are relatively undifferentiated, at least 
two types may be recognized. Most cells contain large 
(2.2 |i) irregularly shaped, electron-pale nuclei (Fig. 13) 
and electron-dense nucleoli. There is little perinuclear 
cytoplasm, and few mitochondria are evident. Occasionally 
a few lipid droplets are seen in the pale cytoplasm (Fig. 
l4). The second cell type (Fig. 9) has a much more 
electron-dense nucleus (3.3 u) and deeply staining 
cytoplasm containing rough endoplasmic reticulum and free 
ribosomes, vesicles and occasional organelles such as 
mitochondria. This tegumental cell is seen in close 
proximity to the tegumental layer and narrow processes 
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extending from it join the tegumental layer (Fig. 8). Both 
cell types have a small amount of cytoplasm and where 
clusters of such cells are found, cell membranes are in 
limited contact. Firm contact between plasma membranes is 
maintained by desmosome connections. Large, balloon-shaped, 
elongate extensions of some cells form "islands" within 
the body spaces (Figs. 8 and l4). Within these balloon-like 
extensions are beta glycogen particles, a few large 
mitochondria, and numerous lipid droplets. Beta glycogen 
is also seen in the muscle strands near the tegument. The 
presence and significance of this type of glycogen in muscle 
has been discussed by Lumsden (196$, 1966). The various 
types of nutritive reserves of C. flabelliformls and methods 
for determining their nature will be discussed in a later' 
section on histochemistry. Nerve fibers seen in association 
with the muscle fibers occasionally appear deeper within 
the body. There is no evidence of a gut. Flame cells are 
few and lie deep within the body. 
Early Precysts 
Within 12-15 days (22° C), developing forms undergo a 
gradual transformation and the body differentiates into two 
well-demarcated regions (Fig. 6b), (l) a broad forebody 
containing the subterminal oral sucker, ventral sucker, 
and primordia of the pseudosuckers and holdfast organ, and 
(2) a small, narrow hindbody containing primordia of the 
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reproductive organs. The forebody cup Is not yet well 
developed although a distinct ventral body fold indicating 
its presence frequently occurs. Oral and ventral suckers 
are better defined, and strong muscle bands begin to form 
within them. Cellular aggregates lateral to the oral 
sucker and posterior to the ventral sucker gradually form 
bulbous expansions projecting from the surface as develop­
ment progresses. Anterior and posterior lobes of the 
holdfast organ become recognizable in this stage. Within 
the parenchyma, the "vacuoles" seen at the light level which 
were so prominent in the developing stages appear to contain 
increasing numbers of dark granules. Contents of the 
vacuoles have a faint hyaline appearance throughout. At 
the ultrastructural level, these "vacuolar spaces" have now 
been replaced by saclike extensions of specialized embryonic 
cells (see below). Development of the pseudosuckers and 
holdfast organ proceeds at a faster rate than do other areas 
of the forebodyj the gut is also beginning to undergo 
reorganization. 
The nervous system is of the typical "ladder type" with 
a circumesophageal nerve ring with pairs of trunks extending 
anteriad and posteriad (Pigs. II5-II8). One anterior pair 
of nerve trunks lies parallel to the esophagus and extends 
to the oral sucker; a second anterior pair runs anterolaterad 
to the pseudosuckers (Pig. II6). Large, paired ventral 
nerve trunks directed posteriorly lie parallel to the gut 
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and give off transverse connectives at regular intervals 
(Fig. 118). This pair of trunks joins in the area of the 
excretory bladder. Dorsal and lateral nerve trunks are 
poorly defined and extend posteriad from the circumesopha-
geal nerve ring for short distances. 
Like the tegument of the developing forms the tegument 
of the early precyst stages, as seen under the electron 
microscope, possesses numerous filamentous, microvillous 
projections representing extensions of the tegument (Pigs. 
21 and 22). These microvilli, 1.9 to 4.8 u in length, are 
often branched and are of greater density over the body 
surface. Numerous pinocytotic vesicles are seen in the 
microvilli and in the main portion of the tegument from 
which the microvilli arise (Figs. 22 and 25). Frequently 
there is also evidence of formation of endocytotic vesicles 
by adjacent microvilli (Fig. 26). The main body of the 
tegument and microvilli is bounded externally and inter­
nally by trilaminar plasma membranes. The amount of matrix 
within the tegument has increased greatly from that seen 
in the developing forms, and in localized thickenings 
several mitochondria may be seen within the matrix of the 
tegument (Pig. 22). Beneath the tegument, a poorly defined 
fibrous layer is present and well-defined circular and 
longitudinal muscle layers have begun to develop (Pigs, 21 
and 22). Numerous darkly staining cells, developed from 
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the previously noted stellate cells have now evidently under­
gone a secondary localization for they are now concentrated 
beneath the tegument and their narrow processes extend toward 
the tegument and muscle layers (Pigs. 15-17, 21). These 
cells contain a small amount of deep-staining perinuclear 
cytoplasm, abundant endoplasmic reticulum and mitochondria 
in the area around the nucleus. The two cell types, 
recognizable by staining properties, noted in the developing 
forms, are not seen. Instead, all cells have an electron-
dense nucleus with clumped chromatin and dark cytoplasm. 
Cell types are recognizable only when physical connections 
(muscle, tegument, etc.) may actually be seen (Pigs. 19 and 
21). Stores of beta glycogen are seen within the dark 
cytoplasm (Fig. 29) and in the bulbous processes extending 
from these cells (Pigs. 19, 21, 27, 28). Although no actual 
connections have been seen it is assumed that the cells 
lying deepest within the body are responsible for forming 
the voluminous "sacs" containing beta glycogen stores and 
lipids within the entire central region of the body (Pigs. 
17 and 21). Pew cell bodies are seen in this central region 
among the "glycogen sacs" although cell bodies appear 
concentrated around the developing ceca of the gut. All 
remaining cell bodies are concentrated toward the periphery 
(Pigs, l6 and 21). 
An abundance of cells is seen in areas of organ forma-
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tlon (Pigs, 15, 16, 18). Aggregations of them occupy the 
developing pseudosuckers and holdfast lobes (Figs. I5, 16, 
20). These exhibit no apparent organization and no sacs 
of glycogen are seen associated with them although some 
glycogen may be found in their cytoplasm (Fig. 20). Numerous 
extensions of these embryonic cells fill the areas between 
the cells and are especially concentrated near the tegument 
(Pig. 21). Bundles of muscle fibers extend from some of 
the cells (Pigs. 19 and 20). In the pseudosuckers and 
holdfast organ where rapid development is occurring there 
is a reduction in the number of microvilli at the surface 
(Pig. 24) and a concentration of cells adjacent to the 
pseudosuckers and holdfast organ lobes (Pigs. 15, 16, 18). 
The suckers are in a state of reconstruction and contain 
numerous cells, large amounts of glycogen and a few poorly 
developed radiating muscle bundles (Fig. I9). The extent 
of the suckers into the body is demarcated by a double 
layer of muscle fibers (Pig. 19). As in other areas of the 
body, numerous cellular extensions and muscle bundles are 
concentrated beneath the tegument of the suckers (Fig, 19). 
Branched microvillous processes extend into the lumen of 
the suckers (Pig. 19). The suckers are approximately 13 to 
15 |i in width from the external tegument to inner muscle 
layers. 
The esophagus and ceca of the developing gut are located 
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in the central region of the body among the sacs of 
glycogen and are encircled by cells. In transverse sections 
through the gut, these cell complexes resemble rosettes of 
nuclei encircled by muscle strands and cell processes (Pig. 
23). Within the center of this rosette, where one would 
expect to find the lumen of the gut, is a solid core of 
tissue containing mitochondria and having lobate processes 
at its perimeter (Fig. 23). This core is apparently 
syncytial and does not appear to be ingested cellular 
material. Further clues as to the nature and function of 
this structure have not been obtained. 
In the early precyst, spaces of the reserve excretory 
system in the forebody are not distinct, but the inner 
dorsal concentration of the glycogen sacs suggests that such 
sacs represent the future position of spaces associated with 
the reserve excretory system (Figs. I5 and 17). The migra­
tion and relocalization of cells within the body of the 
precyst outlines the future body wall which will encompass 
the reserve excretory spaces in later stages. An occasional 
cell may be seen lying deep within the body among the 
glycogen sacs but recognition of cell types is difficult 
for there appears to be little difference in staining, 
nuclear pattern and opacity, or complement of cyto-organelles 
(Pigs. 19, 20, 21). 
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Late Precysts 
Approximately 15 days after penetration of the cercaria 
Into the snail (22° C) the larva undergoes a transition into 
the late stages of precyst development in which the body 
resembles an enlarged version of the tetracotyle (Pig. 30a). 
This stage is less motile than the previous stages and the 
body is much more solid in appearance. The forebody has 
assumed a ventral curvature and the wall of the forebody cup 
has developed and extends above the level of the tribocytic 
organ (Figs. 30a and 119). The suckers are fully developed 
and the pseudosuckers often appear as distended lobes to 
each side of the oral sucker (Pigs. 120 and 121). The hind-
body gradually increases in proportion to the forebody as 
development to the tetracotyle stage progresses. 
Hughes (1929)# in studying the tetracotyle of C. flabelll­
formls, stated that, "the eversion of the lateral suckers and 
the holdfast organ in the form of lappets in the larva is 
doubtless an abnormal condition brought about by the 
excessive imbibition of water, and not a property of 
maturity." It has been well established by Ohman (1965)> 
Erasmus (1969a, c), and Nasir (i960) that strigeoid 
trematodes possessing pseudosuckers are capable of alter­
nately inverting and everting them. I have observed, 
photographed, and sectioned precysts, tetracotyles, and 
adults of C. flabelliformis in which the pseudosuckers were 
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everted, providing further support to the observations of 
previous investigators that these organs are inherently 
capable of great distention and play an important role in 
maintaining an Intimate host-parasite relationship. 
Ultra8truetura1ly, the late precyst bears a close 
resemblance to the tetracotyle stage. The tegument is now 
specialized into three regions similar to those indicated by 
Erasmus (1969b), namely : (l) the general tegument; (2) the 
tegument of the pseudosuckers; and (3) the tegument of the 
holdfast organ. The substructure of the general tegument 
is recognizable as being similar to that of the adult. The 
matrix of the general tegument (Pig. 32) becomes much thicker 
(1,5 to 2.3 |i), assumes a slightly rugose appearance, 
possesses numerous elongate vesicles, and is bounded on its 
inner and outer surfaces by trilaminar plasma membranes. 
The microvillous projections of the tegument seen in the 
early precyst stage are lacking. Few mitochondria are seen 
in the tegument. Secretion of a mucopolysaccharide coat 
constituting the cyst wall is evident as a fibrous network 
of delicate branching and anastomosing filaments (Pig, 32). 
The appearance of the cyst wall during precystic stages has 
not been previously reported in studies at the light-
microscope level. 
Imntôdlately below the tegument is the fibrous basement 
layer composed of the three typical subunits found in adult 
136 
worms (to be discussed later). This layer merges with well-
developed muscle layers beneath which lie the tegumental 
cells. Processes of the tegumental cells occasionally 
traverse the fibrous layer and join the tegument. Tegu­
mental cells contain an abundance of endoplasmic reticulum 
and secretory products and lie against the body wall 
immediately adjacent to the reserve excretory system. 
Glycogen Is still evident in the perinuclear cytoplasm of 
body wall cells which retain their dark-staining properties. 
The glycogen sacs seen in the interior of the early precysts 
clearly fill the spaces destined to become portions of the 
reserve excretory system (Pig. 31). Well-developed septa 
transect these spaces as they do in the tetracotyle and in 
the adult stage (Pig. 90). 
The pseudosuckers, well-developed by this time, possess 
microvillous processes (Pig. 34) which superficially have 
a setalike appearance as described by Erasmus (196^) for 
the pseudosuckers of adult Apatemon gracilis minor Yamaguti, 
1933. However, in transverse section (Pig. 35) these 
processes clearly do not possess the solid supporting 
fibrils described by Erasmus (1969a). Such processes are 
1.2 to 1.8 n long and arise singly or may bifurcate shortly 
beyond their bases (Pig. 34). A typical trilaminar plasma-
lemma with its granular coat covers the tegument and each 
process represents an extension of the tegumental cytoplasm. 
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A thin and acutely undulating basement layer separates the 
pseudosucker tegument from the underlying muscle layers 
(Pig. 36). Numerous gland cell ducts are evident and 
contain secretion bodies (Fig. 36). However, none of the 
ducts open to the outside as In the adult condition (Pigs. 
67 and 68). Numerous sensory structures, observable with 
nervous system-staining methods, lie in parallel rows across 
the surface of the pseudosuckers. Such sensory structures 
appear as large vesicles In the tegument of the pseudosuckers 
(Pig. 33). In sagittal section, these sensory structures 
contain several mitochondria, a basal body, and a single 
cilium (Pig. 33). The cllium projects toward the surface of 
the tegument at this stage. Vesicles of the sensory 
structures are held in place by dense septate desmosomes. 
Sensory structures have not been previously reported from 
the pseudosuckers of strigeoid trematodes and their presence 
suggests that they, together with the numerous gland cells 
associated with them may play an Important role in the 
localization and subsequent establishment of the parasite 
in its definitive host. The tegument Inside the forebody 
cup Is relatively smooth and remnants of microvilli are 
rarely seen. The tegument of the suckers is much thicker 
than that seen in the early precystic stage and there is no 
evidence of microvilli on their surfaces. The tegument 
covering the holdfast lobes has begun to undergo rapid 
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development and resembles that of the fully formed tetracotyle. 
Well-developed spines (Pig. 37) appear on the outer surfaces 
of the lobes but little development has taken place on the 
inner "microvillous" surfaces of the holdfast lobes where 
the tegument is relatively smooth and possesses only an 
occasional microvillar projection. 
The reserve excretory system of the late precyst (Pigs. 
31 and 56) resembles that of the tetracotyle. With the 
gradual decrease in overall body size characteristic of the 
late precyst, reserve excretory spaces come to lie closely 
adjacent to the body wall, but the sacs within these spaces 
now become contiguous with their linings (Pigs. 31 and $6). 
There is a notable depletion of glycogen from the sacs but 
there is not yet any evidence of separation of these sacs 
from the true reserve excretory lining, a condition char­
acteristic of the fully formed tetracotyle. 
Tetracotyle 
Tegument 
The general tegument of the tetracotyle is a thick 
syncytial layer (2.8 to 4.3 |u) with a generally rugose 
appearance (Pig. 42). This tegument is filled with an 
abundance of elongate vesicles oriented at right angles to 
the external surface; contents of the vesicles are released 
at the external plasmalemma. The mitochondria and 
pinocytotic vesicles seen in the tegument of the early 
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precystic stages are not seen. Tegumental cells are now 
highly developed and their ducts may be seen passing through 
the basement layers of the tegument. Such cells do not 
contain the variety of secretion bodies seen in the 
tegumental cells and tegumental nlatrix of the adult (Figs. 
43 and 62), The tegument of the forebody cup and of the 
suckers is very smooth when compared to that of the general 
tegument. Pseudosuckers are similar in appearance to those 
of the late precyst (Pig. 36), and adult (Fig. 67) in having 
numerous microvillous processes. The gland cell ducts 
contain secretion bodies and test strongly positive for 
nonspecific esterases. Sensory structures similar to those 
noted in the pseudosuckers of the late precyst (Fig. 33) 
still remain covered by the tegument. Spines, typical of the 
adult, are present on the holdfast lobes, but the highly 
specialized microvillous surface of the lobes seen in the 
adult stage is not fully developed in the tetracotyle (Pigs. 
30b and 44). Only a low profile of thick microvillous 
processes appears to be present (Pig. 44). 
Cells within the body of the tetracotyle are highly 
differentiated. Those of the holdfast organ possess large 
numbers of mitochondria, secretion bodies, rough endoplasmic 
reticulum and free ribosomes, as in the adult stage. At 
least two types of "secretion bodies" or vesicles in the 
holdfast cells differ markedly from those of the adult and 
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appear to contain membranes (Figs. 45 and 46). One type Is 
small and oval (.11 |i), and contains a light granular 
matrix and portions of what appears to be a membrane (Pig. 
46). The second type is more elongate (.27 u) and often 
curved in appearance. No evidence of the function of such 
vesicles could be determined, but vesicles similar in 
appearance to this second type are seen in cytoplasmic 
portions of the reserve excretory system. However, no 
spaces of the reserve excretory system are evident in the 
holdfast lobes at this time (Pig. 45). 
Tegumental cells, muscle cells, as well as those 
associated with the reserve excretory system, all contain 
secretion bodies, rough endoplasmic reticulum and a comple­
ment of cyto-organelies but such cells are more compact 
than in the adult. Stores of alpha glycogen are seen in 
the peripheral cytoplasm of many cells and large stores are 
also seen in the developing parenchyma (Pigs. 47, 50, 51). 
Reserve excretory system 
Lacunae of the reserve excretory spaces in the 
tetracotyle are lined by a dense cytoplasmic layer (Pig. 48) 
to which are connected the glycogen sacs already noted 
during earlier developmental stages. At low magnifications 
(8,000 X) the walls of these sacs appear contiguous one 
another or with the lining of the extensive spaces of the 
future reserve excretory system (Pig. 52) and cannot be 
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easily discerned. In some places the walls of these sacs 
have separated from one another or from the true reserve 
excretory lining. At higher magnifications (20,000 X) at 
the point where the reserve excretory lining and sacs have 
separated, a lamellate reserve excretory lining grossly 
resembling that of the mature adult appears (Pig. 51). Where 
the separation is not complete, lamellae may form continuous 
connections extending from the reserve excretory system to 
walls of the glycogen sacs (Pig. 49). Where further separation 
has taken place, lamellae appear to pull free and some of them 
are seen attached to the sacs themselves (Pig. 50). In other 
areas where separation has not occurred, numerous oblong and 
oval vesicles are clustered in the cytoplasm of the reserve 
excretory lining (Pig. 48), Portions of what appear to be 
loosely coiled lamellae are contained within these vesicles. 
In such places a distinction between the wall of the sacs and 
the reserve excretory lining often cannot be discerned, for 
the two appear to be contiguous. 
Calcareous corpuscles (1.1 to 1.9 n) are seen in the 
cytoplasm of the reserve excretory lining (Pigs. 52 and 55) 
but lipids, bearing an electron-dense coat, are located 
within the sacs in the reserve excretory spaces. The stores 
of beta glycogen which filled these sacs in earlier stages 
have now been depleted and alpha glycogen is seen in the 
parenchyma adjacent to the reserve excretory spaces (Figs. 
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50 and 51). This localization of glycogen stores is similar 
to that seen in the adult (Pigs. 65 and 79). Lipids, con­
taining a coiled membrane are occasionally seen in the sacs. 
The presence of membranous whorls (Fig. 54) occurring in 
the reserve excretory spaces suggests that such whorls 
result from lipid metabolism (Fig. 53). Shannon and Bogitsh 
(1969) observed similar structures but referred to them as 
"myelinated" inclusions in the gastrodermis and gut lumen of 
Schistosomatium douthitti (Cort, 1914) Price, 1931. They 
also suggested that these may represent remnants of lipid 
metabolism. 
It is well known from observations of living tetracotyles 
of Cotylurus that the dark granules (phospholipid seen at 
ultrastructural level) within the fluid of the reserve 
excretoiy system may be rapidly transported from one region 
to another as the body contracts and expands. Under slight 
coverslip pressure, fluid containing these granules passes 
from the excretory pore. Since neither this type of lipid 
nor the glycogen sacs of larval development are seen in 
the adult, it would appear that these components of the 
larval reserve excretory spaces may be excreted sometime 
between completed tetracotyle development and attainment of 
maturity. Morphologically, other features of the reserve 
excretory system in these two stages appear to be the same 
(compare Pigs. 5 1 ,  9 2 ,  9 3 ) .  
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Cyst wall 
The nature of the tetracotyle cyst has long been a sub­
ject of controversy. It has been variously described as a 
thick cuticle, as a layer of inspissated albumen, an 
extracuticular membrane, and a gelatinous membrane by various 
investigators (see Hughes, I929). Some authors have described 
the cyst as being divisible into layers in some species of 
tetracotyles (Pearson, 1959; Szidat, 1924, 1929a;Hughes, 
1928c; Chandler, 1954; Nasir, i960). As noted by Hughes 
(1929)f however, the cyst of C. flabelliformis is peculiar in 
that it is composed of only a single layer (Pigs. 30b, 38, 
42) closely adherent to the tegument of the tetracotyle. 
According to Hughes, the cyst shrinks upon fixation, and 
possesses openings adjacent to the oral sucker, pseudosuckers, 
holdfast organ, and excretory pore. He also noted that this 
"thin membrane", did not interfere with staining of whole-
mounts as cysts of parasite origin frequently do (Pig. 39). 
He suggested the shrinking of the cyst upon fixation indi­
cated that it was "more or less permeable". Pearson 
(1959)J in describing the cyst surrounding the tetracotyle 
of Strlgea elegans Chandler and Rausch, 194?» proposed 
that glands in the oral sucker "may be cystogenous and 
secrete the hyaline, tough material of the parasite cyst." 
Ultrastructurally, the external plasma membrane of the 
tetracotyle of Ç. flabelliformis possesses a pelage of 
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delicate filaments matted together to form the single layer 
of the cyst wall (Fig. 42). The cyst Is entirely of 
parasite origin and has mucopolysaccharide-staining 
properties. The coat is rich in polysaccharide content as 
indicated by its intense PAS-posltlve reaction (see section 
on histochemistry). At higher magnification (Fig. 43c), 
it can be seen that the cyst is not an adherent layer of 
host origin but a product of numerous elongate secretory 
vesicles seen within the tegument and adjacent to the external 
plasma membrane. It does not occur inside the forebody cup 
nor does it cover the organs of attachment. In these areas 
the cyst is discontinuous and is Interrupted by large spaces 
leading to the exterior. Such spaces represent the openings 
seen with the light microscope and described by Hughes (1929). 
At higher magnification, the layer of entangled filaments 
forms a dense mat with a concentration of shorter filaments 
over the rugose surface of the tegument (Pigs. 43b, c). 
o 
Such filaments are approximately 100 to 120 A thick, of 
variable length, and at their bases appear to be continuous 
with the outer lamina of the plasma membrane (Pig. 43b). 
Adjacent filaments intermingle and appear to join to form 
a network (Figs. 43b, c) resulting from anastomoses and 
superpositions. 
Conspicuous, dense, rod-shaped bodies containing several 
vacuolar spaces of variable size are also found within the 
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cyst (Pigs. 43a, c). With certain histochemical stains 
these rod-shaped bodies are visible as refractile "granules" 
at the light-microscope level (Fig. 40) but do not give the 
same reaction as the surrounding cyst or adjacent tegument 
of the tetracotyle. With methyl green-pyronin Y staining, 
a positive reaction occurs in the rod-shaped bodies but no 
reaction is obtained for histones. This information, combined 
with ultrastructural characteristics and size (1.9 u)# sug­
gest that these rod-shaped bodies are bacilliform bacteria 
(Pigs. 43a and 113a). At the light-microscope level and 
with the aid of stained sections, such bodies were seen in 
virtually every tetracotyle cyst wall. Tetracotyles had 
been fixed in a variety of fixatives, and were promptly 
processed and embedded; the presence of these bodies there­
fore is considered to be typical of the species. 
Pearson (1959), iri describing the cyst of Strigea 
elegans, stated that the cyst was divisible into two parts 
and possessed "an outer non-granular matrix containing 
scattered clumps of corpuscles and granules." Nasir (i960) 
thought Pearson (1959) made an erroneous interpretation 
since Nasir observed spermatozoa, cellular debris and 
refractile granules (from the excretory pore) entangled in 
this layer. Although spermatozoa and cells of snail tissue 
may adhere to the surface of the cyst of C. flabelliformis 
and have been observed with the aid of the electron micro­
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scope, none of this debris nor any refractile granules 
similar to those seen in the reserve excretory system have 
been observed in the cyst wall. Therefore, I believe 
Pearson (1959) may have observed bacteria-like structures 
within the cyst of Strlgea elegans. 
Although the functions of the cyst wall are not known, a 
similar layer on intestinal microvilli of mammals functions 
as a barrier to large particles; emulsified lipids, and 
substances in solution, however, are able to pass freely 
through the mesh network. This layer is also resistant to 
a wide variety of mucolytic and proteolytic enzymes which 
would aid in protecting the tetracotyle and assist it in 
reaching the lower areas of the host's alimentary tract. 
The predominantly vertical orientation of the filaments 
in the tetracotyle cyst and their firm attachment to the 
outer lamina of the plasma membrane indicates that they are 
an integral part of the plasma membrane and explains the 
close adherence of the cyst wall (Pigs. 43b, c) to the 
tetracotyle as described by earlier workers. 
Adult 
General tegument 
Investigations on the general tegument of adult strigeoid 
trematodes have revealed that it consists of a matrix 
bounded internally and externally by a trilaminar plasma 
membrane but not elevated into microvilli (Erasmus and 
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Ohman, 1963, 1965; Erasmus, 1967a, 1969a). in adult C. 
flabelllformls (Fig. 57) the tegumental matrix of the 
forebody is variable in thickness (2.8 to 3.2 u) due to the 
irregular undulating form of its surface (Pigs. 60 and 66). 
The dorsal tegument at the junction of the forebody and the 
hindbody, however, is thicker (3.9 to 5.3 ii) and its surface 
is rugose (Fig. 61). A granular PAS-positive layer covers 
the entire general tegument (except inside the forebody cup) 
membrane (Pigs. 60 and 62). Within the syncytial tegumental 
matrix of the 5-day-old adult, numerous spherical and longi­
tudinal secretion bodies (Pig. 60) and an occasional 
mitochondrion (Fig. 61) may be seen. The inner surface of 
the tegument is delimited by a trilaminar plasma membrane 
which may form thin, irregular folds within the matrix of 
the tegument (Pig. 63). Some of these folds terminate in 
bulbous expansions containing granular material and have 
been noted in the teguments of Gorgoderina and Cyathocotyle 
by Burton (1966) and Erasmus ( 1967a), respectively. 
No spines are present in the general tegument of the 
forebody or in the anteromost portions of the hindbody. 
Erasmus (1969b)indicated that spines are present in the 
posterior region of Apatemon gracilis minor around the 
genital opening. The posterior region of C. flabelliformis, 
however, has not been studied. 
Beneath the basal plasma membrane lies the "basement 
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membrane" seen with the light microscope. Ultrastructurally, 
this basement layer may be defined as having three sublayers 
(Pig. 63). The major (innermost) portion consists of a 
wide band of interwoven fibers .42 to 2.0 u thick, above 
which is a dark, narrow band (.38 u thick) separating this 
fibrous layer from another narrow layer (.028 |i thick) 
contiguous with the basal plasma membrane (Figs. 62 and 63). 
The innermost extent of the thick fibrous layer is not 
clearly defined; it extends, however, to the underlying 
longitudinal muscle adjacent to this region (Pig. 62). 
Protoplasmic extensions from tegumental cells frequently 
traverse the basement layer and the secretion bodies within 
the tegument can be seen to be identical to those within 
these cells (Pigs, 63 and 64). 
Tegumental cells lie in close proximity to the muscle 
layers. These cells are irregular in shape and contain 
irregularly shaped nuclei with distinct nucleoli (Pig. 64). 
The electron-dense cytoplasm of tegumental cells contains 
numerous small vesicles, golgl complexes, secretion bodies, 
and abundant rough endoplasmic reticulum. The secretion 
bodies are variable in density and shape. They may be of 
dark or medium density; those that are elongate are dark; 
spherical ones may be either light or dark (Pig. 64). The 
distribution of secretion bodies within the tegument shows 
a concentration of the elongate forms near the external 
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plasma membrane (Pig. 62). It is these elongate bodies 
j 
that appear to be similar to tho&e in the tetracotyle which 
were responsible for secretion of the mucopolysaccharide 
layer. They may also be responsible for the PAS-positive 
staining reaction of the general tegument and tegumental 
cells of the adult. The role of the darker spherical 
secretion bodies is not clear; however, it seems likely, as 
suggested by Burton (1966) that they contribute to the 
tegumental matrix or to the external granular coat (glycocalyx) 
where they probably function to protect the parasite from the 
host's digestive enzymes, as noted by Lumsden (1966) and by 
Monne (1959). 
Pseudosuckers 
The pseudosuckers or lappets are two conspicuous, 
protrusible, glandulomuscular organs in adults of C_. flabelli" 
formis (Fig. 57). Pseudosuckers are located posterolateral 
to the oral sucker and their external appearance varies 
depending on the state of contraction. They are capable 
of eversion to form an intimate contact with the epithelium 
of the host intestine, or they may be invaginated to form 
suckerlike cavities into which a host-tissue plug may be 
drawn. A complex of radiating muscle bands, as described 
by Rees (1955) for the pseudosuckers of Diplostomum 
phoxini Faust, 1918, with unicellular glands lying between 
them constitutes the bulk of the pseudosuckers. 
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Regional differentiation of the pseudosuclcer tegument 
resembles that shown for D, phoxinl (Erasmus, 1969c) but 
contrasts markedly with the pseudosuclcer tegument of the 
closely related species, Apatemon gracilis minor Yamaguti, 
1933 as described by Erasmus (196^). In C. flabelliformis, 
as in D. phoxini, thick, fingerlike microvillous processes 
(about 2.4 li long) extend from the tegumental surface, 
whereas in Apatemon rigid setalike structures, possessing an 
electron-dense endoskeleton of rodlike filaments, are present. 
No setalike structures containing supporting fibrils are 
evident in the tegumental processes of C. flabelliformis 
although some processes have a superficial appearance of 
being rigid and lanceolate. The processes are sometimes 
forked, but do not show the complex arborizations seen in 
the "microvillous" tegument of the holdfast organ. Several 
rows of sensory structures similar to those already 
described in the late precyst and tetracotyle stages (Pigs. 
33 and 121), are present in the pseudosucker tegument and 
are situated among the microvillous processes. The 
tegument is covered by a trilaminar plasma membrane (80 t.) 
to which the host-tissue plug closely adheres. A thin, 
granular, amorphous surface component covers the outer 
leaflet of the plasma membrane over the microvillous 
tegument. The tegument is thin (.75 u) &nd has an undu­
lating surface. Within the tegument and its processes are 
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seen small, oblong (.19 to .32 n) secretion bodies (Pig. 
68). Openings of the unicellular gland ducts pass between 
the muscle layers through the tegument to the exterior. 
These openings, when filled with secretion bodies, are 
distended near the body surface, and form globose expansions 
(Fig. 68). In cross section, the walls of the gland cell 
o ducts are supported by a ring of microtubules 19O A in 
diameter (Fig. 70). The secretion bodies possess a 
homogeneous fine-grained and deeply staining matrix. All 
secretion bodies seem to be of one morphological type as 
seen in Apatemon (Erasmus, 1969a) and not the two types shown 
to exist in D, phoxini by Erasmus (1969b). When the 
pseudosuckers of C. flabelllformls are everted, unicellular 
gland cells may be seen to lie near the margins. Long 
ducts containing secretion bodies extend from these cells 
and pass up to the distended openings seen at the surface. 
As suggested by Erasmus (1969b), it seems likely that the 
contraction of the pseudosucker musculature is responsible 
for discharge of the secretions. Erasmus (1969c) has 
described such cells as holocrine in function. He described 
these cells under varying conditions of functional activity, 
ultimately resulting in the replacement of the cytoplasm 
by accumulating secretion bodies. However, in C. 
flabelllformls, after extensive examination, I found no 
evidence that the cytoplasm of the secretory cell bodies 
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is replaced. Instead, varying numbers of secretion bodies 
accumulate in the gland cell ducts and the cells themselves 
retain abundant endoplasmic reticulum, golgi complexes, and 
few mitochondria. Although a few secretion bodies are seen 
in the area of the gland cell nucleus (Fig. 69), a far 
greater number appear in the gland cell duct extending 
between the muscle layers to the surface where numerous 
additional secretion bodies have already collected (Pig. 67) 
in the distended terminal portion of the duct. Thus, 
secretion bodies, when present, are generally limited to 
ducts of the secretory cells and do not accumulate within 
the cell body as one would expect if the cytoplasm were 
being replaced. 
Several investigators (Baer, 1933; Ulmer, 1955; Lee, 1962; 
Erasmus 1962, 1968, 1969a, 1970; Erasmus and Ohman, 1963, 
1965; Ohman, 1965, 1966a, b; Bogitsch, 1966a, b; Johnson et 
al., 1971) have suggested that secretions from the 
pseudosuckers play a role in extracellular digestion, and 
my histochemical evidence supports this idea for C. 
flabelllformis. 
Holdfast organ 
The holdfast organ in adult C. flabelliformis is a 
bilobate structure situated at the base of the forebody 
and enclosed by the forebody cup (Pig. 57). These lobes are 
flexible and capable of great distention and contraction due 
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to the large excretory spaces within them. The tegument of 
the outer surfaces of the lobes is thick, muscular, and 
spinose; the tegument on the inner surfaces between the 
lobes is thin and highly modified into thin folds and undula­
tions forming a lamellate structure (Pigs. 72 and 7^) (see 
Erasmus, 1969b). The gland cells producing secretions 
released through the "microvillous" inner surface of the 
holdfast lobes are located within the lobes themselves as 
well as in a cluster at the base of the lobes. 
A trilaminar plasma membrane (70 A) delimits the secretory 
surface of the lobes from which slender "microvillous" 
processes (2.2 x .29 |i) extend. The matrix of the tegument 
is thin (about .25 n) and contains small mitochondria and 
two types of secretion bodies, spherical and oblong. A 
trilaminar basal lamina and thin fibrous layer separate the 
holdfast tegument from the circular muscle layers. Extensions 
from tegumental cells and holdfast organ cells, nerve fibers, 
ducts of the true excretory system and spaces of the reserve 
excretory system extend between the muscle layers. The 
spaces of the reserve excretory system are closely associated 
with this surface (Pig. 75). 
Tegumental cell bodies of the microvillous surface are 
saclike (Pig. 76) with numerous narrow extensions of 
cytoplasm joining the tegumentary cytoplasm. Structurally 
these cells appear similar to those seen in the holdfast of 
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the tetracotyle, but specific differences may be noted. 
Mitochondria are more numerous, the secretion bodies are 
of a single type and their dontents are dense and 
homogeneous (Pig. 79). The secretion bodies and 
mitochondria, some of which appear to be degenerating, fill 
large ducts extending into the holdfast lobes (Pig. 79). 
Release of these secretion bodies apparently involves a 
chemical transformation to permit them to cross the plasma 
membrane, for there is no evidence of any openings of these 
ducts to the outside as in the region of the pseudosuckers. 
Occasionally there appears a streaming of material from the 
tips of the "microvillous" processes and secretion bodies 
appear closely associated with the "microvillous" folds 
themselves (Pig. 73). 
Two types of sensory structures are located on undulating 
folds of the "microvillous" tegument: one type consists of 
a pyrlform vesicle held in place by heavy desmosomes and 
contains a ci Hum and large mitochondria (Pig. 77) J the 
second type is clavate and contains numerous synaptic 
vesicles (Pig. 78). 
The tegument of the lateral surfaces of the holdfast 
lobes undergoes a rapid transition to the thicker, spinose 
tegument covering the outer surfaces (Pig. 71). The spinose 
tegument consists of an outer and inner basal trilaminar 
membrane between which is a band of cytoplasm containing 
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spherical and oblong secretion bodies and few mitochondria. 
Tegumental cells are connected at intervals to this 
syncytial layer. Spines are numerous, directed toward the 
body of the worm, and rest on the basal lamina. A lattice 
of crystalline protein is visible in spines cut in 
ultrathin sections (Pig. 80), Spines are limited to the 
holdfast lobes and were not found in other regions of the 
body. There is abundant evidence for secretory activity in 
the spined tegument of the holdfast lobes (Pigs. 81-84). 
Secretion bodies rise to the surface where their membranes 
apparently fuse with the plasma membrane (Fig. 8l) forming 
a bleb on the surface (Pigs, 82 and 83). Such blebs enlarge 
and pinch off from the surface, apparently releasing the 
secretion to the exterior (Pig. 84). 
Intestinal crura 
Another host-parasite interface not as conspicuous as 
the general body tegument and the surfaces of the attachment 
organs, but important in exchange of substances of physiolog­
ical and immunological importance, is the lining of the 
parasite's gut. The lining of the luminal surface of the 
cecum in 5-day-old adults of C. flabelliformis is similar 
to that shown in other digenetic trematodes (Gresson and 
Threadgold, 1959; Davis et al., 1968; Shannon and Bogitsh, 
1969). The gastrodermis is characterized by the presence 
of scattered nuclei, a lack of cell boundaries, and an 
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abundance of lamellate processes extending into the lumen 
(Pig. 85). Numerous free rlbosomes and rough endoplasmic 
reticulum, few mitochondria, and occasional membrane-
bound vesicles with moderately staining homogeneous contents 
are also observed in the gastrodermis (Pig. 85). 
Undigested residues are evident (Pig. 86) in the lumen 
of the cecum and membranous whorls are often seen (Pig. 88). 
Shannon and Bogltsh (1969) in their studies on the gut of 
Schlstosomatlum douthlttl suggested that similar inclusions 
found by them might represent remnants of lipid metabolism. 
Once again, the close association of the spaces of the 
reserve excretory system is noted. As seen in Figure 86 
the large dorsal space of the reserve excretory system 
closely parallels the cecum of the adult. This relationship 
of the reserve excretory system is reminiscent of the close 
association of the reserve excretory spaces with the 
"microvillous" surface of the holdfast organ (Pig. 75). 
Such ultrastructural observations, though supported by only 
limited cytochemlcal observations made in the holdfast 
organ of other strigeoids (Ohman, 1965, 1966a, 1966b), 
produce some very suggestive evidence that the reserve 
excretory system, in the region of the ceca, may also have 
a role in the transport of nutrients absorbed at this host-
parasite Interface. Erasmus (1967b) has already expressed 
the opinion that the reserve excretory system might play 
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a role in translocation of nutrients and my studies tend 
to support this view. 
Reserve excretory system 
The reserve excretory system of C. flabelliformls 
consists of a series of large fluid-filled spaces (lacunae) 
forming an extensive system distinct from the basic 
protonephridial system. These spaces extend through the 
dorsal and lateral portions of the body, through the forebody 
cup, and into the holdfast lobes (Figures 74 and 75). Hughes 
(1927, 1928a, b, c) considered the spaces of this system as 
enlarged extensions of the excretory bladder. Van Haitsraa 
(1931), In his study of adult C. flabelllformis found the 
main branches of the reserve excretory spaces to include 
four large vessels in the hindbody, two dorsal and two 
ventral. He showed that ventral vessels of the hindbody 
converge and unite with a smaller vessel extending into the 
forebody cup. Dorsal vessels from the hindbody unite and 
via a commissure connect with a single large vessel in the 
dorsal portion of the forebody. A complex system of 
numerous anastomosing vessels ramifies laterally from the 
main vessels in the forebody, and a peripheral network of 
smaller vessels extends through the body external to the 
main longitudinal vessels. A median dorsoventral vessel 
extends into the holdfast lobes and lies in close association 
with the "microvillous" surface of the lobes of this organ 
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(Pig. 75). van Haitsma (1931) suggested that the reserve 
excretory system might function as a circulatory system for 
distribution of nutrients absorbed through the cup-shaped 
forebody. Other workers (LaRue, 1932; Erasmus and Ohman, 
1963; Ohman, 1966a, b; Erasmus, 1967&) have proposed 
hydrostatic, circulatory, and excretory functions for this 
system. 
At the ultrastructural level, the reserve excretory 
spaces of the adult (5 day) are lined by a thin dense 
cytoplasmic layer .11 to .2 |i in thickness (Figs. 62, 92, 93). 
The lining is syncytial and is demarcated from adjacent tissues 
by a basal plasma membrane. Mo organelles are observed within 
this syncytium. The outer plasma membrane of this lining is 
modified to form numerous, narrow lamellae (Pigs. 75 and 93), 
each of which consists of a narrow strip of cytoplasm 
bounded by a triple-layered plasma membrane. The length and 
density of the lamellae vary in different parts of the system. 
In the large dorsal reserve excretory space of the forebody, 
lamellae are short (.4 to .5 u) and few in number (Pigs. 62 
and 65); those of the spaces within the holdfast lobes are 
long (.9 to 2.9 fi), lie in parallel clumps, and are 
extremely dense beneath the "microvillous" surface (Pigs. 
74 and 75). In the dorsal reserve excretory spaces, lamellae 
sometimes fuse (Pig. 93); those of the holdfast lobes are 
filamentous and their free ends extend into the lumen. 
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Cytoplasm of the reserve excretory system contains dense 
lipid droplets of various sizes (1 to 1.4 u) which may 
protrude into the reserve excretory lumen prior to release 
(Pig. 92). The largest droplets are surrounded only by 
lamellae which apparently rupture, as suggested by Erasmus 
(1967b), thus releasing the droplets into the lumen. Such 
lipid droplets lack the electron-dense outer coat character­
istic of those seen in the tetracotyle and earlier larval 
stages (Pigs. 52, 53> 56). Compact or loosely coiled 
membranous whorls (Fig. 9^) are occasionally seen in the 
lumenal spaces. Parenchymal glycogen stores (alpha form) 
lie adjacent to the cytoplasm of cells of the reserve 
excretory system (Pig. 79). 
An interesting association exists between the lining of 
the reserve excretory system in the lobes of the holdfast 
organ and in the "microvillous" tegument of this organ 
(Pigs. 74 and 75). In the holdfast lobes, tegumental cells 
associated with the "microvillous" surface are interspersed 
among the reserve excretory spaces and lie in close proximity 
to the surface (Fig. 76). In the outer (spinose) portion of 
the lobes and the general body wall, however, strongly 
developed muscle layers separate the tegument from numerous 
underlying tegumental cells. The reserve excretory spaces 
hence rarely occupy the area djacent to the tegumnt as 
they do in this region of the holdfast lobes, and never 
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occur in close association with the thin "microvillous" 
tegument. Observation of a similar relationship in Apatemon 
caused Erasmus (1969b) to express the view that the earlier 
belief of a "placental" function of the holdfast organ and 
a circulatory role of the reserve excretory system should 
not be discredited. 
The large reserve excretory spaces of C. flabelliformis 
are subdivided and traversed by numerous strands appearing 
as septa at the light-microscope level. Such septa are 
covered by the lining of the reserve excretory system (Pig. 
90). Cells containing dark-staining nuclei, abundant 
endoplasmic reticulum, few organelles and many large, dark-
staining secretion bodies lie adjacent to the reserve 
excretory spaces and are often seen within these septa 
(Pigs. 90 and 91). Strong muscle bundles extend dorsoventrally 
through the forebody via these septa. Flame cells and ducts 
of the primary excretory system may also be found within 
these tissue strands. 
Ultrastrueturally, the flame cells and ducts agree with 
those previously described by Kiiramel (i960) and Gallagher 
and Threadgold (1967). The cilia of the flame cells are 
surrounded by microvilli originating from the flame cell 
and adjacent duct cells (Pig. 87). The cilia have the 
typical 9+2 arrangement of doublets of microtubules (Pig. 
89). For a short distance following the flame cell, duct 
l6l 
walls lack microvilli (Pig. 63) until they lead to larger 
ducts where the lining appears to be syncytial. In this 
portion of the ducts, the plasma membrane of the lumenal 
surface is modified to form long lamellae which are rather 
evently distributed and simple (Fig. 95). Occasionally, 
lipid droplets of less density than those within the reserve 
excretory spaces were seen in the ducts. However, no lipid 
droplets were seen in the cytoplasm of the osmoregulatory 
ducts. Microvilli have been described in the excretory ducts 
of several nonstrigeoid genera (Stephenson, 19^7; pantelouris 
and Threadgold, 1963; Pantelouris, 1965; Senft et al., 196I; 
Gallagher and Threadgold, but Erasmus (1967b) did not 
find microvilli or lipid droplets in the osmoregulatory 
system of Cyathocotyle bushlensis and thought these differ­
ences might be due to functional specialization in the 
strigeoids. This does not appear to be the case with the 
primary excretory system of C. flabelliformis. 
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HISTOCHEMISTRY 
various histochemical tests were carried out on adults, 
metacercariae, and cercariae of C. flabelliformis. Adults 
obtained from ducklings at a specified time after exposure 
to metacercariae were placed in the required fixative for a 
given histochemical test. Cercarial and metacercarial stages 
were fixed and embedded ^ situ in a vacuum infiltrator in 
55° C Paraplast (Fisher Scientific Co.) for sectioning or 
were teased from the tissues of naturally infected L. 
stagnalls and used in wholemount preparations. Frozen 
sections (6-10 u) were cut from tissue frozen in liquid 
nitrogen on an International CT-1 cryostat. Histochemical 
techniques were also employed on material embedded in 
Epon-Araldite for electron microscopy. Fixatives used for 
all histochemical tests were those described by Pearse 
(I960; 1968), Lillie (1965), Bancroft (I967), Burstone 
(1962), Thompson (1966), or techniques published more 
recently. Controls for histochemical tests included 
extractions, preincubation with inhibitors or incubation 
without substrates, and known positive tissues as required. 
A summarization of histochemical tests is presented in Table 
15. 
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Table 1$. HLstocheraical tests* on the developing forms (d), precysts (p), and tel 
Tests 
Oral 
sucker 
1 f 2 
1 f 2 
1 1 1 
1 2° 2 
Acid mucopolysaccharides 
ALcian blue pH 2,5 (Steedman, 19^0, in Pearse) 1 0 0 
Alcian blue pH 1.0 (Steedman, 19^0, in Pearse) 0 0 0 
Metachromatic reaction with toluidine 0 (Kramer and 
VfiLndrum, 19$$, in Pearse) 
-o<metachromasia 
->3 metachromasia 
-y metachromasia 
Mayer's iraicicarmine (Ifayerj Southgate, 1927, in 
Bancroft) 
lipids in general 
Sudan black B (McManus, 19i;6, in Pearse) 0 0 
- a f t e r  2 U - h r  p y r i d i n e  e x t r a c t i o n  O O P  
Ventral 
sucker 
d p t dp t 
Basic proteins 
Ifercuric bromphenol blue (Mazia et al,, 19$1, in Pearse) 
Naphthol yellow S (Deithch, 19$$, in Pearse) 
Alkaline fast green (Alfert and Geschwind in Pearse) 
Aromatic amino acids 
Millon reaction (Baker, 19$6, in Itearse) 
Carbohydrates 
1 f 2 
1 1^ 2 
1 1 1 
1 2° 3 
Best's camine method for glycogen (Best, 1906, in 1 f 0 2 f 0 
Pearse) 
-after saliva digestion 0 0 0 0 0 0 
PAS reaction (after McManus in Pearse, 1968) 2 1 f 1 o|  
-Schiff's reagent without oxidation 0 0 0 0 0 0: 
-Schiff's reagent without HglO  ^ oxidation after aniline- 0 0 0 0 0 p |  
acetic acid blockage (llllie, 196$) 1 
-after malt diastase digestion (llllie, 196$) 0 0 1 0 0 o|  
PAS at ultrastructural level (!Ihiery> 1969) X  e 0 X  e ol  
-without H I^O  ^ oxidation 0 o|  
0 0 0  ^ 0 0 0, 
1 0 1 0 1  ^
0 0 0 0 0 0 
0 0 0 0 0 0 
pd), precysts (p), and tetracolyle ,(t), stages of metacercarial development of Cotylurus flabellifo: 
Oral 
sucker 
Ventral 
sucker 
Holdfast 
lobes 
General 
tegument 
Holdfast 
tegument 
Hold 
cell 
Parenchyma Reserve 
excretory 
spaces 
2 
I 
% i 
I 
!|pnient of Ciotylurus flabellifomiis 
|4 Holdfast 
I tegument 
k P t 
Holdfast Holdfast Pseudosucker Pseudosucker Nervous Qyst 
lobes cells gland cells tegument system 
d  p  t  d p t  d p t  d p t  d p  t  d  p  t  
 ^ 1 1 V 2" 3 V 2" 3 V 2 3 jr 1 1 0 0 0 _T • 1 
"v 1 1 "v 2" 3 Th 2» 3 2 3 jr 1 1 0 0 0 "r "v 1 
J 0 0 "v 2n 3 in 2n 2 "v 1 2 3" 0 0 0 0 0 jr J 0 
V 2  ^ 2 V 2n 3 T 0 2 V 2n 2 _7 gn 1 0 0 0 V jr 0 
I 0 0 V ^ 0 1» 0 0 V 2m 0 _7 0 0 0 0 0 V J 3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 3d 
V 1 0 V 2 3 2W 2 3 T 2 1 V 1 0 0 0 0 V V 3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 •" 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 3 1 1 3 1 1 1 0 0 0 0 3 
X 0 0 X 0 0 X 1 0 W e 0 X e 0 X e 0 V  ^ 0 
0 0 0 0 " " 0  0  0 0 0 0 
V 0 0 V in 3 V in 3 V 0 0 V 0 1 0 0 0 T V 1 
~ 0 0 - in 2 0 0 0 0 0 0 0 " 0 
V 0 0 V 0 0 T O O  V 0 0 V 0 0 0 0 0 V V 0 
0 1 2 pi in 2 " P 2 0 0 0 0 0 " 1 
0 0 e 2 0 Un 2 I 2 0 0 0 0 0 0 
J 0 0 jr 0 1 0 1 V 0 U V 0 0 0 0 0 V J h 
T 0 0 T 0 Î® V 0 0 V 0 0 V 0 0 0 0 0 V V 0 Ô 0 0 Ô 0 0 Ô 0 0 Ô 0 0 0 0 0 0 0 "v J 0 
Aromatic amino acids 
Mlllon reaction (Baker, 19^6, in Pearse) 
Carbohydrates 
Best's camLne method for glycogen (Best, 1906, in 
Pearse) 
-after s^va digestion 
PAS reaction (after McMamis in Pearse, 1968) 
-Schiff's reagent without IfclOg oxidation 
-Schiff's reagent without oxidation after aniline-
acetic acid blockage (llllie, 1965) 
-after malt diastase digestion (Llllie, 196$) 
PAS at ultrastructural level (Thiery, 1969) 
-without H I^O  ^ oxidation 
Acid muc< l^ysaccharides 
ALcian blue pH 2.5 (Steedman, 1950, in Pearse) 
Alcian blue pH 1.0 (Steedman, 1950, in Pearse) 
Metachromatic reaction with toluidine 0 (Kramer and 
VfiLndrum, 1955, in Pearse) 
- << me tachromadla 
metachromasia 
'X metachromasia 
Mayer's mucicarmine (Mayer; Southgate, 1927, in 
Bancroft) 
lipids in general 
Sudan black B (McManus, 19L6, in Pearse) 
-after 2U-hr pyridine extraction 
Neutral lipids 
Oa red 0 (llllie, 19Wt) 
-after 2U-hr pyridine extraction 
Phospholipids 
Nile blue (Menschik, 1953, in Pearse) 
-after 2l;-hr pyridine extraction (Menschik; Baker in 
Pearse) 
Acetone-sudan black B method for bound lipids (after 
Bsreribaufli in Pearse, 1968) 
1 2® 2 1 2  ^ 3 
1 f 0 2 0 0 
0 0 0 0 0 0 0 
f 2 1 f 1 0 1 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 1 0 0 0 1 
X e 0 X e 0 X 
0 0 
1 0 0 1 0 0 0 
0 0 0 0 0 0 0 
0 0 0. 0 0 0. 0 
1 0 1 0 1  ^ 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
q 0 0 q 0 0 0 
Ô 0 0 n 0 0 0 
q r 0 q q 0 0 
Ô Ô 0 ô ô 0 0 
1 0 0 0 0 0 0 
1 0 0 0 0 0 0 
i o
 
0 q 0 0 0 
^Reaction symbols: 1, weak; 2, moderate; 3, strong; it, questionable; 0, negative; a, li 
reserve excretory spaces; d. Nonspecific staining; e. Not observed; f. Tegumental cells; g, 
wall of oral sucker and pharynx; j. Inner wall of ventral sucker; k. Inner wall of oral sue 
occurred in later pre cysts; o, Very weak reaction; p, A reaction occurred in later pre cysts 
genital primordia, and hindbody; s, A weak reaction occurred in late precgrsts; t, A modéra' 
in late developing forms; v. Not discernable; w, Uhdifferentiated cells in the location of 
gave stronger reactions as development progressed; x, Not conducted on this stage. 
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B |ble; 0, negative; a. Plus associated muscle layersj b, lining of reserve excretoiy spaces; c, Granul 
|, Tegmental cells; g. Positive for DNA in nucleoplasm; h. Positive for RNA in nucleolus and cytoplal 
Il Inner wall of oral sucker; 1, Out; m, A weaker reaction occurred in later pre cysts; n, A stronger re 
j|rred in later precysts; q, Concentrated around this structure; r, Ifeavy lipid concentrations around 
llpre^sts; t, A moderate reaction occurred in the pseudosuckers of late preqysts; u, A moderate react^  
.^s in the location of the future holdfast and in the reticulum of cytoplasm!c strands through the bra 
0n this stage. 
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Table 1$. (cont'd.) 
rests 
Positive 
tissue 
control 
Minerals 
Alizarin red S for calcium (Dahl, 1952, in Bancroft) 0 
-after ^0% formic acid extraction 0 
Nucleic acids 
Methyl green-pyronin Y (Kumick, 1955, in Pearse) I 
-after ribonuclease digestion (Erachet, 1940, in Pearse) 1.® 
-after deoxyribonuclease digestion (Erachet, 1940, in Pearse) 1  ^
-after perchloric acid extraction (Erickson et al., 1949» in Pearse) 0 
Azure B metachromasia (Plax and HLmes, 1952, in lillie) 1 
-after perchloric acid extraction (Plax and Himes, 1952, in Lillie) 0 
Acridine orange for BNA| HîA (Bertalanfiy and Nagy, 1962, in Bancroft) 1 
Enzymes 
Alkaline phosphatase 
Calcium cobalt method (Gomori, 1952, in Pearse) 1 
-without substrate incubation 0 
nnammalian kidney 2 
-without substrate incubation (kidney) 0 
Modified Gomori method (Eredrlcsson, 1956, in Pearse) 2 
-without substrate incubation 0 
-mammali an kidney 2 
-without substrate incubation (kidney) 0 
Acid phosphatase 
Lead nitrate method (Gomori, 1950, in Pearse) 1 
-without substrate incubation 0 
-mammalian kidney 2 
-without substrate incubation (kidney) 0 
Standard coupling azo dye technique (Grogg and Pearse, 1952, in Pearse) 1 
-without substrate incubation 0 
I 
Positive Oral Ventral General Parenchyma Reserve Holdfast 
tissue sucker sucker tegument excretory tegument 
control spaces 
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&n Pearse) 
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Reserve Holdfast Holdfast Holdfast Pseudosucker Pseudosucker Nervous 
excretory tegument lobes cells gland cells tegument system 
spaces 
d  p  t  d p t  d p t  d p t  d  p  t  d  p  t  d  p  t  
V P 
_y 0 0 jr 0 0 V 0 0 V 0 0 V 0 0 0 0 0 
Ô 0 0 0 0 0 " 0 0  0 0 0 0 0 0 0 
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Mizarin red S for calcium (Dahl, 19^2, in Bancroft) 
-after 10^  formic acid extraction 
Nucleic acids 
Methyl green-pyronin Y (Kumick, 1955, in Pearse) 
-after ribonuclease digestion (Brachet, 19W, in Pearse) 
-after deoxyribonuclease digestion (Brachet, 19^0, in Pearse) 
-after perchloric acid extraction (Erickson et al., 19^9, in Pearse) 
Azure B inetachromasia (KLax and KLmes, 1952, in lillie) 
-after perchloric acid extraction (Plax and Himes, 1952, in Lillie) 
Acridine orange for BRA, DNA (Bertalanffy and Nagy, 1962, in Bancroft) 
Enzymes 
Alkaline phosphatase 
Calcium cobalt method (Gomori, 1952, in Pearse) 
-without substrate incubation 
•mammalian kidney 
-without substrate incubation (kidney) 
Modified Gomori method (Fredricsson, 1956, in Pearse) 
-without substrate incubation 
-mammalian kidney 
-without substrate incubation (kidney) 
Acid phosphatase 
Lead nitrate method (Gomori, 1950, in Pearse) 
-without substrate incubation 
-mammalian kidney 
-without substrate incubation (kidney) 
Standard coupling azo dye technique ((kogg and Pearse, 1952, in Pearse) 
-without substrate incubation 
-mammalian kidney 
-without substrate incubation (kidney) 
Byberases 
Tween (80) method (Gomori, 1952, in Bancroft) 
-without Tween 80 incubation 
-0.2% Sodium taurocholate incubation 
Naphthol AS-LC acetate method (Gomori, 1952; Burstone, 1957, in Bancroft) 
-without substrate incubation 
Naphthol AS acetate method (Shnitka and Seligraan, 1961, in Thompson) 
-without substrate incubation 
-Eserine 10"^M preincubation (1 hr, 37%) 
-Eserine 10"% preincubation (1 hr, 37 C) 
-Silver nitrate 10" M preincubation (1 hr, 37°C) 
-Lead nitrate 10"% preincubation (1 hr, 37°C) 
Thiocholine method (Bueding et al,, 1967) 
-without acetylthiocholine iodide 
Thiocholine method (after Badaivi and Shenk, 1966) 
-without acetylthiocholine iodide 
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Proteins 
Metacercarial stages tested for the presence of proteins 
with the mercuric bromphenol blue, naphthol yellow S, and 
Millon reactions demonstrate distribution of proteins in 
all parts of the body (Table 15). In fully developed 
tetracotyles the reaction was particularly intense in the 
oral and ventral suckers, subcuticular muscle layers, holdfast 
lobes and gland cells of the pseudosuckers (Pigs. 98-IOI, 
113f). Septa traversing the reserve excretory spaces also 
gave a strong reaction since they contain muscle and gland 
cell ducts (Pig. 99). In general less intense reactions, 
restricted to areas of most advanced development (suckers, 
pseudosuckers, holdfast organ), were observed in precysts 
and developing forms. In the former, all three of these areas 
gave strong positive reactionsj in the latter,* only the 
suckers showed a moderate reaction. 
In the naphthol yellow S test for protein, bacteria-
like bodies (Fig. 99) within the gelatinous cyst wall of 
the tetracotyle appear as distinct black granules indicating 
that they are not portions of the tegument. In Figure 113c 
the hlstones, rich in arginine and/or lysine, associated 
with DNA are abundant in areas where cells are concentrated 
(suckers, pseudosuckers, hqldfast organ, etc.). There was 
no evidence of histones in the cyst wall of the tetracotyle 
where bacteria were located since bacterial DNA is not 
166 
associated with protein (White, Handler, and Smith, 1968). 
Strong reactions for proteins and histones were obtained 
in cercarlal bodies (Pigs. 96, 97, 113d). 
Carbohydrates 
The thick gelatinous layer of the tetracotyle cyst shrinks 
upon fixation and forms a thin layer outside the tegument. The 
cyst gave a strong PAS reaction, and the oral sucker, general 
tegument, subtegumental cells, pseudosucker gland cells, 
parenchyma, and portions of the reserve excretory system 
also gave positive reactions (Pigs. 98, 104e-f). After 
aniline-acetic acid treatment, the reaction in all but the 
latter two areas was blocked but unaffected by diastase. 
However, saliva as well as diastase removed the PAS-positive 
material from the parenchyma and reserve excretory spaces 
indicating that glycogen was present. This is confirmed by 
observations at the ultrastructural level (Pigs. 49, 50, 51). 
Body parenchyma and spaces of the reserve excretory 
system gave positive reactions for glycogen with Best's 
carmine and contents of these were labile to saliva 
digestion (Figs, 102 and 103). Accumulation of glycogen 
in large saclike extensions of differentiating cells, in 
developing forms and early precysts, increased as develop­
ment progressed. These sacs occupy the future spaces of 
the reserve excretory system (Pigs. 21 and 31). This is 
Indicated by progressive PAS and Best's carmine reactions 
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through the late precystic stages (Pigs. 104a-d; Table 15). 
In the tetracotyle stage, glycogen disappears from the 
reserve excretory spaces and accumulates in the parenchyma. 
This observation was confirmed by application of Thiery's 
(1967) PAS test utilizing sodium thiocarbohydrazide and 
silver proteinate at the ultrastructural level for early 
precysts and tetracotyles embedded in Epon-Araldite. 
Glycogen was indicated by the deposition of silver grains in 
the glycogen particles within the saclike extensions in the 
early precyst (Pigs. 27 and 28). Alpha glycogen, a storage 
form, was found in the parenchyma of the tetracotyle (Fig. 
50). 
A strong PAS-positive reaction was obtained in the 
cercarial bodies and in the parenchyma, pseudosuckers, 
subtegumental cells, holdfast organ gland cells, and tegument 
of the adult. A weak PAS reaction was obtained for a thin 
layer over the tegument of the adult corresponding to the 
glycocalyx. 
Acid Mucopolysaccharides 
Alcian blue (pH 2.5 and 1.0), toluidine blue 0, and 
ly&yer's mucicarmine tests were used in conjunction with the 
PAS reaction to determine the distribution of acid muco­
polysaccharide (Figs. 105-108). A weak reaction for acid 
mucopolysaccharide was found in the cyst of the tetracotyle 
(Table 15). Moderate to strong reactions were found in the 
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holdfast lobes and holdfast gland cells of the tetracotyle 
with alclan blue and toluldlne blue 0 (Table 15). Both B 
and Y metachromasia were obtained for the holdfast and 
pseudosucker gland cells with toluldlne blue 0 suggesting 
their secretory nature. Similar but weaker reactions were 
obtained for late precyst stages. Ultrastructural evidence 
indicates that secretions are present in the gland cells of 
the holdfast organ and pseudosuckers in the late precystic 
(Pig. 36) and tetracotyle stages (Pig. 43)„ 
Lipids and Phospholipids 
With Sudan black B and oil red 0 methods, an abundance 
of lipid was shown in the reticulum of cytoplasmic strands 
(Pig. 109) in developing forms and concentrated around the 
oral and ventral suckers. Precystic stages showed further 
accumulation of fats around the gut, and through the reserve 
excretory system but not in the holdfast organ or pseudo-
suckers (Pigs. 110 and 111). Neutral lipids were most 
abundant in late precystic stages and decreased in the 
tetracotyle (Table 15). This material was interpreted as 
lipid because it was completely removed after 24-hr 
pyridine extraction (Table 15). 
Lipid complexes occurred in the reserve excretory 
system of late precysts and tetracotyles as indicated by 
the acetone-Sudan black B and nile blue methods, phospho­
lipids were also found in the cytoplasmic strands of 
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developing forms. These complex lipids, resistant to 
extraction in pyridine (Table 15), appear as distinct black 
granules at the light level and may be forced through the 
reserve excretory system and out the excretory pore under 
slight coverslip pressure. In the electron microscope, 
these granules have an irregular électron-dense coat which 
is extractable with periodic acid or hydrogen peroxide. 
Minerals 
Spheroidal bodies having concentric layers, an apparent 
crystalline pattern, and resembling the excretory corpuscles 
observed by Erasmus (1967b)in Cyathocotyle were abundant in 
the lining of the reserve excretory system of tetracotyles 
(Pigs. 52 and 55). These corpuscles stain with alizarin 
red S for calcium and were extracted in 10^ formic acid in 
30 minutes (Table 15). Erasmus (1967b) obtained similar 
staining results but performed no extraction. Such corpuscles 
are similar in size but fewer in number than phospholipids. 
RNA and DNA 
Pseudosucker cells, gland cells of the lobes and base 
of the holdfast organ, and subtegumental cells were rich in 
RNA indicating their secretory nature. Ultrastructurally 
these cells contain abundant secretory bodies and rough 
endoplasmic reticulum (Figs. 45, 46, 47). Application of 
ribonuclease and perchloric acid were used to negate the 
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above reaction. 
Distribution of DM varied in accordance with cell 
density in the holdfast organ lobes, pseudosuckers, etc. 
(Pig, 113a). Similar results were obtained with azure B 
(Pig, ll3e) and extracted with perchloric acid (Table 15). 
Within daughter sporocysts, germinal masses appear rich 
in DNA and RNA (Fig. 113b). 
Alkaline Phosphatase 
Cold acetone-fixed metacercarial stages were tested for 
the presence of alkaline phosphatase activity ^  toto and 
in paraffin sections. The tegument of the entire parasite 
gave a positive reaction ( toto) and was Increasingly 
positive with advanced stages of development (Figs. Il4a-h). 
This activity was especially marked in the tegument of the 
holdfast organ and pseudosuckers (probably muscles) in 
wholemounts but was not evident in the latter area in 
paraffin sections. In sections, alkaline phosphatase was 
found in cells of the holdfast organ, its tegument and 
gland cells (Table 15). 
Acid Phosphatase 
The strongest reaction for acid phosphatase occurred in 
the gut and reserve excretory system of tetracotyles (Table 
15). Weak reactions for this enzyme occurred in the holdfast 
lobes and gland cell mass at the base of the holdfast organ. 
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The tegument was negative as were the suckers. 
Esterases 
Five different esterase methods were applied to 
metacercarial stages in toto to avoid embedding in paraffin 
with subsequent loss of enzyme activity. The Tween (80) 
method for lipase, naphthol AS-LC acetate, and naphthol AS 
acetate methods for nonspecific esterases, and two 
thiocholine methods for cholinesterase were employed (Table 
15). All methods gave similar results for the particular 
type of localization desired and the Tween (80), naphthol AS 
acetate, and thiocholine (el-Badaivi and Shenk, 1966) methods 
were especially good. 
In the tetracotyle, intense reactions for lipase (Fig. 
112) occurred on the inner surface of the suckers, in the 
holdfast and pseudosucker tegument, and gland cells of these 
organs following Tween 80 incubation. Little or no activity 
was noted in earlier stages. No reaction occurred when 
metacercariae were incubated in medium lacking Tween 80, 
and the reaction was enhanced by 0.2^ sodium taurocholate 
incubation (Table 15). Erasmus and Ohman (1963) found no 
lipase activity in adults of Cyathocotyle but did not test 
metacercariae. 
The inner walls of the suckers and pharynx, as well as 
the holdfast tegument, holdfast lobes and gland cells, 
pseudosucker8 and gland cells, and nervous system all were 
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positive in tetracotyles tested for nonspecific esterase 
using the naphthol AS acetate (Fig. 122) and naphthol AS-LC 
acetate methods (Table 15). In the pseudosuckers, strands 
(ducts) of esterase-rich material leading to the area 
occupied by pseudosucker gland cells stained strongly. The 
presence of gland cells in this area was suggested by 
toluidine blue 0 and methyl green-pyronin Y staining and 
confirmed with electron microscopy (Pigs. 36 and 113a). The 
inner surface of the forebody cup also gave a positive 
reaction in some tetracotyles, 
Inhibitors were applied to the tests for nonspecific 
esterase to identify cholinesterase and to permit classifica­
tion of these esterases into A, B, and C types as indicated 
by Pearse (196O). According to Pearse (i960) use of a-
naphthyl acetate, naphthol AS acetate, and indoxyl acetate 
as substrates with their required inhibitors may be used to 
classify the various esterases as follows : cholinesterase 
is inhibited by 10"^ M eserine; A-esterase is completely 
inhibited by 10"^  M e600, 10"^  M PCMB, 10"^  M silver 
nitrate, and 50^ inhibited by 10"^ m lead nitrate,* B-
esterase is completely inhibited by 10m e600, 10"^  M 
eserine, and 10"^ M silver nitrate; C-esterase is completely 
inhibited by 10"^ M B-phenylproprionic acid, 50^ inhibited 
by 10"^ M silver nitrate, and enhanced by 10°"^ M PCMB (see 
Table 15 for substrates and inhibitors used). 
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Metacercariae were Incubated in inhibitors (10" M silver 
nitrate, 10"^ M lead nitrate, 10"^ M eserine, and 10"^ m 
eserine) for one hour at 37° C prior to substrate incubation. 
It was found that 10"^ m eserine inhibited activity in the 
nervous system, indicating the presence of cholinesterase, 
while other areas remained positive. Complete Inhibition 
of all esterase activity resulted from incubation in 10"^ M 
silver nitrate when naphthol AS acetate was used. This 
result eliminates the possibility of a C-esterase being 
present since 10"^ M silver nitrate only produces $0$ 
inhibition of C-esterase. No visible reduction in the 
reactions of the suckers, pseudosuckers, or holdfast organs 
by 10"^ M lead nitrate or 10"^ M eserine was noted, indi­
cating the presence of an A-type esterase. However, the 
presence of an inhibitor resistant B-type esterase is 
possible and further inhibition studies are necessary to 
definitely classify the nonspecific esterase(s) produced 
by the holdfast and pseudosu.cker gland cells. 
Presence of cholinesterases was demonstrated with nervous 
system staining methods as indicated by el-Badaivi and Shenk 
(1966) and Buedlng et al. (1967) using acetylthiochollne 
iodide as substrate. The typical platyhelminth ladder-type 
nervous system (discussed in a previous section) was clearly 
evident. The nervous system increased in complexity to the 
tetracotyle stage. Arborization of large nerve fibers 
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extending to the pseudosuckers (seen in late precysts, 
tetracotyles, and adults) resulted in smaller fibers which 
terminated in the tegument as bulbous structures (Figs. 
119-121). At the ultrastructural level such bulbous 
structures are seen to be well-developed sensory bulbs each 
bearing a cilium. Such sensory structures have not yet 
broken through the tegument in precystic and tetracotyle 
stages (Pig. 33). The presence of sensory structures in 
pseudosuckers as demonstrated for C. flabelliformis provides 
further evidence of the importance of these attachment organs 
at the host-parasite interface in members of the family 
Strigeidae. 
175 
SUMMARY AND CONCLUSIONS 
1. The seasonal population dynamics of the strigeoid 
trematode, C. flabelllformis, has been studied in both 
definitive and intermediate hosts. 
2. A total of 300 birds of 33 species, including 190 wild 
anseriform hosts, were examined for natural infections 
of C. flabelliformis from May-October 1969 and April-
October 1970. Blue-winged teal, Lesser scaup, and 
Mallards harbored infections of C_. flabelliformis. 
Blue-winged teal were the most commonly infected (4l^). 
Highest incidences of infection were during the spring 
and early fall (Sept.) corresponding to the migration 
of Blue-winged teal. Receding temperatures resulting in 
hibernation of snails, together with the late arrival 
of Lesser scaup and Mallards in the fall are part of the 
explanation for the lack of Cotylurus infections in these 
hosts at that time of year. Other helminth infections 
increased as the summer progressed and began to decline 
steadily with the approach of fall and the time for 
southerly migration. 
3. The recovery of Cotylurus strigeoides from the Lesser 
scaup (Aythya affinis) is a new host and locality 
record for this species. 
4. Experimental studies on the development of C. flabelli-
formis in the domestic Mallard indicate that adults are 
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capable of maturing and producing eggs within 48 hrs 
following ingestion of metacercariae by a suitable 
definitive host. Details of adult development were 
determined by sacrificing three-week-old ducklings at 
Intervals of 24, 34, 42, 51, 65, and 99 hrs post­
exposure. Greatest changes in the parasite body 
occurred in the development of the hindbody and repro­
ductive system. Untanned eggs were present in the 
uterus after 42 hrs and eggs were present in the feces 
in less than 51 hrs. 
5. Extensive feeding experiments were undertaken to investi­
gate the host-specificity of C. flabelllformls among 
domestic and wild avian hosts. Bird hosts used for 
feeding experiments included three groups, namely: 
(1) nestlings in nature; (2) birds reared in nature but 
maintained in the laboratory at least a week, subse­
quent examination of such hosts having indicated an 
absence of C. flabelllformls infections; and (3) laboratory 
reared birds (reared from eggs) and maintained on an 
artificial diet. Pour new experimental hosts, repre­
senting three new orders of hosts, were found for £, 
flabelllformls, namely; Pekln duck (Anseriformes); 
Pied-billed grebe (Podicipedlformes); American coot 
(Grulformes); and Song sparrow (Passeriformes). 
6. No host-Induced variations of enough significance to 
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question any previously described species of Cotylurus 
were noted in the adults obtained from experimental 
hosts. Development was delayed in the Pied-billed 
grebe. The temperature of the fixative (APA) greatly 
influenced the apparent size of the worms. Warm APA 
allowed fixation of specimens while fully extended; 
cold APA caused contraction. 
7. The biology and host-parasite relationships of cercarial 
and metacercarial stages of C. flabelliformis were 
studied during May-October 1969 and April-October 1970. 
Examination of 8,831 naturally infected L. stagnalis 
and S. reflexa, taken in weekly samples, revealed a 
bimodal seasonal fluctuation in cercarial shedding and 
peak metacercarial infections corresponding to the 
spring and fall migrations of the anseriform hosts. 
The bimodal pattern is influenced by the migration of 
ducks, water temperature, survival of Infected snails 
into the spring of the following year, and the 
longevity and population density of molluscan hosts. 
Ijymnaea stagna lis was the more heavily infected snail 
for both cercarial and metacercarial infections. 
8. Because cercariae and metacercariae of C^. flabelli­
formis was fully developed in their snail hosts when 
ducks were migrating and infections of adult worms 
were also at their highest during this time, C. 
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flabelliformls Is considered to be a "migration species" 
of parasite. The rapid development of £. flabelliformls 
to the egg-laying stage (48 hrs) Is another character­
istic of a migration species. 
9. Emergence of cercariae of C, flabelliformls from L. 
stagnalls Is temperature dependent and Is negligible 
below 6° C. 
10. The active swimming period of Ceroaria flabelliformls 
Is about 5 hours. Longevity of this cercarla is less 
than 6 hours at room temperature. Although cercariae 
lived longer at lower temperatures, their period of 
active swimming (5 hrs) remained constant. 
11. Experiments on the periodicity of Cercarla flabelli­
formls indicate that cercariae emerge during the day 
in response to light. Greatest numbers of individuals 
emerged during the morning hours between 8 and 10 am. 
A decline in emergence was noted during midday 
followed by another Increase in the late afternoon 
(4 pm). Over 322,000 cercariae were recovered from 
10 naturally Infected L. stagnalls In 48 hours. 
12. Field experiments showed that snails are rapidly dis­
persed by surface wave action when they rise to the 
surface to obtain atmospheric oxygen. This is 
probably an Important means by which shedding snails 
distribute cercariae of C. flabelliformls to the snail 
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population. 
13. Experiments to determine the dispersal of cercariae due 
to their swimming activity indicates that cercariae. 
cover distances rather slowly even though they swim 
constantly. 
14. An experiment to determine the distances at which 
cercariae of C. flabelliformis could locate a suitable 
molluscan host was conducted in a l4-ft tank. Laboratory 
reared S. reflexa were penetrated at distances of 2 and 4 
feet from the shedding snail but not beyond. 
15. A series of carefully controlled experiments indicate 
that cercariae of Cotylurus flabelliformis are able to 
locate their snail hosts by chemoattraction. Age of the 
cercariae, snail species and varying diffusion times of 
exudates from snails were considered prior to testing 
cercariae for preference of snail species. Results of 
569 individual cercariae tested in this series of 
experiments indicate that: (l) time for location and 
attachment to each species of snail decreases with 
increasing diffusion time; (2) younger cercariae (up 
to one hour old) are most active and most capable of 
locating molluscan hosts rapidly; (3) location and 
attachment to natural intermediate hosts, especially 
L. stagnalis occurred in less than one minute with 
diffusion times of 1-4 hours; (4) evidence of 
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chemoattraction was seen in choices between snail 
species: L. stagnalis is preferred although S^. reflexa 
and H. trivolvis are competitive. 
16. Distribution of metacercariae in the snail population 
is dependent on the population density of suitable 
molluscan hosts. Random samples taken in the study 
areas revealed the presence of six genera of snails. 
The most abundant snails were L. stagnalis and S_. 
reflexa averaging 56 and 4 individuals per sample (20 
samples), respectively. As many as II5 L. stagnalis 
and 9 S. reflexa were found in a single random sample. 
17. The influence of temperature, host species and host size 
on metacercarial development were studied experimentally. 
Laboratory-reared L. stagnalis and S. reflexa of three 
defined size groups were exposed to 25 cercariae per 
snail and development of the tetracotyles followed to 
completion at temperatures of l4, 24, and 32° C. Of the 
252 snails exposed to infection, successful 
metacercarial development occurred in all sizes of 
both species, but fewer tetracotyles developed in smaller 
snails of each species regardless of temperature. At 
12-14° C, the number of metacercariae was limited by 
temperature and snail size. Higher temperatures also 
limited the development of tetracotyles in L. stagnalis, 
but this trend was not apparent in S. reflexa. Develop-
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ment of tetracotyles was most successful in L. stagnalis 
at 22-24° C. The time required for development at any 
given temperature was the same, regardless of snail size. 
At 12-14° C, development never passed the precystic stages 
in most snails during the 42-day duration of the experi­
ment. At 22-24° C, the majority of tetracotyles 
developed in 18-24 days, while at 30-32° C only 12 days 
were required. 
A variety of hlstochemical tests (27) were concentrated 
on the stages of metacercarial development. Some 
hlstochemical tests were also conducted on adults and 
cercariae. In stages of metacercarial development there 
is a general increase in protein, carbohydrates, 
mucopolysaccharides, nucleic acids, and enzyme activity 
as development progresses. Stores of glycogen (beta 
form) increase markedly in late developing forms and 
early precystic stages but disappear between the late 
precyst and tetracotyle stages. In the latter stages, 
stores of glycogen (alpha form) appear in the developing 
parenchyma of the body walls. The single layered cyst 
of the tetracotyle is a mucopolysaccharide complex of 
parasite origin. It is intensely PAS-positive and 
reacts weakly to tests for protein and acid 
mucopolysaccharide. Neutral lipids and phospholipids 
increase as metacercarial development progresses. 
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19. Ultrastructure of the tetracotyle development from the 
developing form to the encysted tetracotyle is described 
and compared with ultrastructural features of the adult. 
Special attention was given to development of the 
tegument, holdfast organ, pseudosuckers, suckers, 
tetracotyle cyst, and reserve excretory system. Obser­
vations were also made on the parasite gut, sensory 
structures, spines, and secretory and pinocytotic activity 
of the tegument. 
20. Two types of sensory structures are described from the 
"microvillous" surface of the holdfast organ and sensory 
structures are described from the pseudosuckers of a 
strigeoid trematode for the first time. 
21. Lamellae of the reserve excretory system are highly 
developed in the holdfast organ, and the association of 
the reserve excretory system with the "microvillous" 
surface of this organ and the gut wall suggests an 
absorptive and circulatory role for this system. A 
hydrostatic function also seems likely in the adult stage. 
22. In precystic and tetracotyle stages the utilization of 
spaces of the reserve excretory system as regions for 
storage of nutrients (glycogen) is indicated by the 
presence of voluminous saclike extensions of embryonic 
cells. 
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Abbreviations 
AC Acetabulum LM Longitudinal muscle 
AG Alpha glycogen M Mitochondria or 
mitochondrion 
B Desmosome 
MI Microtubules 
BG Beta glycogen 
MT "Microvillous" tegument 
CA Cell aggregate 
MU Muscle 
CJ Complex junction 
MV Microvillous processes 
CM Circular muscle 
N Nucleus 
CR Reserve excretory 
cytoplasm NSC Nucleus secretory cell 
CS Cell process OS Oral sucker 
CT Tegumental cell P Plasma membrane 
connection 
PA Parenchyma 
CW Cyst wall 
PC pseudosucker cavity 
D Dorsal 
PL Phospholipid 
E Excretory duct 
• PS Pseudosucker 
PC Porebody cup 
RB Red blood cell 
PL Plbrous layer 
Space(s) reserve RE 
G Gut excretory system 
GC Glycocalyx RG Refractlie bodies 
GY Glycogen S Sac 
H Holdfast organ SB Secretion body 
HE Hindbody SD Secretory duct 
HPL Holdfast lobe ST Spined tegument 
L Lipid SW Sac wall 
LA Lamellae T Tegument 
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TC Tegumental cell 
TE Tetracotyle 
V Vacuolar space 
Plate I 
Pig. 1. Diagram of the life cycle of Cotylurus flabelll-
formls 
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DEFINITIVE 
HOST 
L.) Si 
ADULT 
MIRACIDIUM 
LYMNAEID 
INTERMEDIATE ^ 
HOST 
FIG.1. LIFE CYCLE OF COTYLURUS FLABELLIFORMIS. 
(ABBREVIATIONS:d„d.,d,,DEVELOPING FORMS; L,LEECH; 
Ls,LYMNAEID SNAIL; p,,p„p„p„PRECYSTS; ps, PHYSID OR 
PLANORBID SNAIL;  r ,REDIA;  sp,  SPOROCYST;  t ,TETRA-
COTYLE.) 
Plate II 
Fig. 2a-n. Metacercarlal (tetracotyle) development of 
Cotylurus flabelliformis. Figures b-n 
stained for carbohydrates by PAS method 
a. Detail of living cercaria of C. flabelliformis. 
Neutral red staining. (X 202]" 
b. Cercaria of C. flabelliformis reduced to 8l X 
c-h. Developing forms. (X 99) .  Note the increase 
in size of the metacercarlal body as development 
progresses. Histolysis of cercarial organs is 
evident in developing forms c-f. The reticulate 
pattern of cytoplasmic strands is evident in 
d-f. (The terminal attenuated body region of 
Pig. g is a result of contraction and is not a 
true hindbody as seen in Pigs, i-m) 
i-m. Precyst stages. (X 99). Note the beginning 
of histogenesis in g-j and near completion of 
metamorphosis in Pigs, k-m 
n. "Cyst" or tetracotyle stage. (X 99) .  Note the 
small size of the infective juvenile trematode 
at the completion of metamorphosis 
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Plate III 
Pig. 3. Host-finding ability of Cercaria flabelliformis. Diagrams represent 
the sequence (left to right7~ôT~"experiments used to determine: random 
movement of cercariae and activity at varying ages (upper left); 
response of cercariae of varying ages to inanimate objects (upper 
right); time for location and attachment of cercariae (O- to 1-hr old) 
to different snail species at varying diffusion times (lower left); 
time for location and attachment of cercariae (0- to 1-hr old) to 
snails when given a choice between snail species (lower right). Arrows 
indicate the direction of rotation of the dish (l80°) between trials. 
A total of 569 cercariae were tested 
-NO OBJECT 
-VARYING CERCARIAL AGE(0-5HRS.) 
-50 RUNS 
-INANIMATE OBJECT 
-VARYING CERCARIAL AGE(0-5HRS.) 
-50 RUNS 
-INDIVIDUAL SNAIL 
-CONSTANT CERCARIAL AGE(0-1HR.) 
-VARYING DIFFUSION TIME (0-5HRS.) 
-348 RUNS 
-CHOICE OF SNAIL 
-CONSTANT CERCARIAL AGE(0-1HR.) 
-CONSTANT DIFFUSION TIME(2-3HRS.) 
-121 RUNS 
(ALL TRIALS CONDUCTED AT CONSTANT WATER VOLUME, TEMPERATURE, AND INTENSITY 
OF ILLUMINATION.) 
Plate IV 
Fig. 4 .  Results of dispersal study involving Lymnaea 
stagnalis (525) at Jemmerson Slough. Outline of the 
study area is indicated by shaded areas (vegetation). 
Dots indicate the approximate location of each 
marked snail recovered in relation to the release 
point (+). The shoreline is located at the bottom 
of diagram; open water extends from vegetation 
(shaded areas) to top of diagram. Note the loca­
tion of the two major groups of snails recovered: 
one group is concentrated near the release point 
(+) and the second group is dispersed in the 
direction of the wind 
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Plate V 
Pig. Development of Cotylurus flabelliformis In the 
definitive hostl (All figures from living 
material; all figures X 110) 
a. Immature adult at 24-hours post-exposure 
b. Immature adult at S^-hours post-exposure. 
Note the everted pseudosuckers 
c. Mature (gravid) adult at 42-hours post-exposure. 
Note presence of untanned egg in the uterus 
(arrow) and the size of the hindbody as compared 
to Pigs. a-b 
d. Gravid adult; 51-hours post-exposure 
e. Gravid adult; 65-hours post-exposure 
f. Gravid adult; 99-hours post-exposure 
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Plate VI 
Pig. 6a-b. Schematic representations of the principal ultrastructural features 
of the developing form and early precyst stages of metacercarial 
development. (Microvilli have been greatly exaggerated) 
a. Developing form. Note that the body is covered by microvillous (MV) 
processes. The future spaces of the reserve excretory system (RE) 
are not identifiable during this stage and the interior of the body 
is traversed by a reticulum of cytoplasmic extensions of cells 
containing lipids and some glycogen. The oral sucker (OS) and 
acetabulum (AC) are present but gut, holdfast organ, pseudosuckers, 
and hindbody are absent 
b. Early precyst. The earliest developmental changes denoting 
tetracotyle formation are apparent in this stage. The body tegument 
is covered by a dense outgrowth of branching microvillous (MV) 
processes. The gut (G), pseudosuckers (PS), holdfast lobes (HPL), 
and hindbody (HB) have begun to form. Following cell multiplication 
and migration, aggregates of cells (CA) are seen at the future sites 
of organ formation 
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Plate VII 
Pigs, 7-10. Light and electron micrographs of cytological 
characteristics of an early developing form. 
7. Light micrograph of the reticulum of 
anastomosing cytoplasmic strands within the 
body of a developing form (X 2,250). Note the 
empty vacuolar (V) spaces between the strands 
8. Electron micrograph showing the connection of 
tegumental cells (CT) with the larval tegument. 
Portions of microvillous processes are visible 
above the tegument (T). Portions of 
cytoplasmic strands (CS and arrows) containing 
glycogen and mitochondria are seen at lower 
right. (X 20,610) 
9. Electron micrograph of a tegumental cell (TC). 
Note the long process extending from the cell 
at upper right. The tegument is seen at lower 
left. The cell is characterized by a large 
irregular nucleus (N) containing clumped 
chromatin. The cytoplasm contains densely 
packed ribosomes, mitochondria, endoplasmic 
reticulum and small vesicles. (X 17,805) 
10. Electron micrograph of the tegument and 
associated muscle strand. (X 49,875) 
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Plate VIII 
Pigs. 11-14. Ultrastructural features of the developing 
form of Cotylurus flabelliformis 
11. Tegument of developing form showing long 
filamentous microvillous processes. (X 24,360) 
12. Schematic diagram of a stellate cell from the 
parenchymatous reticulum of the developing 
form 
13. Muscle cells lying adjacent to the tegument. 
Note the long process of the cell extending 
to the muscle bands. (X 30,600) 
14. Lipid droplets and scant cytoplasm within a 
bulbous process extending from a stellate 
cell. (X 33,200) 

Plate IX 
Pigs. 15-18. Light micrographs of transverse sections 
through an early precyst stage. (Embedded in 
Epon-Araldite; paragon staining) 
15. Transverse section through the level of the 
pseudosuckers. Darkened areas in the middle 
region of the body are saclike extensions of 
cells containing glycogen stores and lipid. 
(x 312) 
16. Detail of a developing pseudosucker. Note the 
abundance of cell bodies concentrated in this 
lobe shaped extension. (X 687) 
17. Transverse section through the middle of the 
forebody. Note the peripheral location of 
cell bodies around the central region of the 
body. Lipids appear as dark dots within areas 
of glycogen storage. Also note the concentra­
tion of the glycogen storage sacs toward the 
dorsal surface (D) where the large dorsal 
space of the reserve excretory system will 
eventually develop. (X 1,100) 
18. Transverse section through the acetabulum and 
anterior lobe of the developing holdfast 
organ. Numerous cell bodies are concentrated 
within the holdfast lobe and sucker. (X 1,586) 
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Plate X 
Fig. 19. Electron micrograph of a transverse section throiogh the oral sucker of 
an early precyst. Branching microvillous processes project from the 
tegument into the lumen of the sucker (lower left). The sucker is 
delimited from the internal body by two muscle bands. Connections of 
muscle cell cytoplasm to muscle bands are frequently seen (arrows). 
Sacs of glycogen occupy large spaces between the deeply staining cell 
bodies in the sucker and adjacent midbody. Numerous cell processes 
and muscle bands lie compacted beneath the sucker tegument. (X 8,539) 
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Plate XI 
Pig. 20. Low-magnificatIon survey micrograph within a 
developing pseudosucker of an early precyst. 
Numerous darkly staining cells are concentrated 
throughout the developing pseudosucker. These 
cells have scant cytoplasm and long processes. 
Clusters of mitochondria are evident within some 
cells. Muscle strands and portions of cell 
processes are interspersed between the sacs of 
glycogen. Numerous large mitochondria are 
present in the glycogen sac at upper right. 
(X 12,250) 
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Plate XII 
Pig. 21. Electron micrograph of the mldbody of an early 
precyst. The surface possesses a dense coat of 
microvilli. Localized thickenings of the tegument 
contain mitochondria. Circular and longitudinal 
muscle layers lie adjacent to the tegument. Dark-
staining cell bodies send long attenuated processes 
toward the surface. The center of the body (lower 
half of figure) contains closely packed sacs of 
glycogen in which lipid (PL) droplets are con­
tained. These lipids are surrounded by an 
amorphous, electron-dense coat. (X 6,075) 
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Plate XIII 
Fig. 22. Electron micrograph of the tegument on the lateral 
surface of the holdfast lobe of an early precyst. 
Numerous microvillous processes extend from the 
tegument. Mitochondria are present in localized 
thickenings of the tegument. Micropinocytotic 
vesicles (arrows) are seen in the microvillous 
processes and matrix of the tegument. Cell 
processes, containing beta glycogen particles, 
muscle fibers (MU), free ribosomes, mitochondria, 
and granular endoplasmic reticulum lie below the 
tegument. A deeply staining nucleus (N) with 
coarse chromatin pattern is seen at lower right. 
(X 20,700) 
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Plate XIV 
Fig. 23. Transverse section through the developing esophagus 
of an early precyst. Cells surround the central 
core of the esophagus in a rosette pattern. 
Muscle strands and cellular processes form a layer 
around the complex. The cell nuclei character­
istically are irregular in form, deeply staining, 
and contain clumped chromatin. The perinuclear 
cytoplasm is dense and contains packed free 
ribosomes and few membranous organelles. The 
central core within the complex is deeply staining, 
lacks subunits, and contains an abundance of 
mitochondria. The entire structure lies within 
the middle of the body and is surrounded by sacs 
of glycogen. (X 11,010) 
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Plate XV 
Pig. 24. Electron micrograph showing the developing 
"microvillous" surface of the holdfast lobe 
(early precyst). Note the dense accumulation 
of cell processes adjacent to this surface. In 
such areas of advanced development^ there is 
reduction in the number of microvillous 
processes. (X 24,000) 
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Plate XVI 
Pigs. 25-29. Formation of pinocytotic vesicles and 
glycogen morphology in early precystic 
stages 
25. High-magnification electron micrograph of a 
micropinocytotic vesicle in the tegument. 
Note the opening of the vesicle to the 
exterior. A mitochondrion (M) lies adjacent 
to the vesicle. (X 125,019) 
26. Adjacent microvillous processes are occa­
sionally seen to fuse forming pinocytotic 
vesicles. (X 23,000) 
27. Detail of beta glycogen particles within the 
"sacs" lying in the midbody. (X 59,769) 
28. Silver grains indicate presence of beta 
glycogen in PAS method conducted at the 
ultrastructural level. (X 46,662) 
29. Glycogen, mostly beta form, is seen within 
embryonic cells throughout the body in the 
perinuclear cytoplasm. (X 97,750) 
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Plate XVII 
Pig. 30a-b. Schematic representation of the principal ultrastructural features 
of the late precyst and fully encysted tetracotyle stages 
a. Late precyst. Rapid development leading to a transition into the 
typical tetracotyle reveals advanced development of the organs of 
attachment (OS, AC, PS, HPL), forebody cup (PC), and hindbody (HB). 
The cyst wall (CW) is also being formed. Well-defined spaces of 
the reserve excretory system contain the sacs seen in the early 
precyst stage 
b. Encysted tetracotyle. A fully developed cyst wall (CW) containing 
refractile granules (RG) surrounds the tetracotyle. The forebody 
cup (PC) is fully formed and the pseudosuckers are often retracted 
into cuplike depressions (PC). Spaces of the reserve excretory 
system (RE) are bounded by a well-developed body wall and traversed 
by tissue strands resembling septa 
CW>s 
0.1 mm 
Plate XVIII 
Pig. 31. Low-magnification electron micrograph showing the 
body wall of the late precyst in relation to the 
developing reserve excretory system. Note the 
large sac filling the space beneath the body wall 
(bottom of picture) and that it contains no 
glycogen but only remnants of cytoplasm and a 
lipid droplet. In:the parenchyma (PA) lying 
between the cells note the characteristic alpha 
glycogen (AG) rosettes. (X 6,470) 
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Plate XIX 
Pigs. 32-33. Late precyst 
32. Developing cyst vjall. Note the fibrous network and the thickness 
and rugose appearance of the tegument. (X l6,500). Inset shows 
elongate secretion bodies within the tegumental matrix. (X 77,500) 
33. Detail of sensory structure within the pseudosucker tegument. 
The single cilium extending from the bulbous vesicle is beneath 
the tegument. (X 72,000) 
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Plate XX 
Figs. 34-37. Ultrastructural features of the pseudosuckers 
and holdfast organ of the late precystic 
stages 
34. Thick branching microvillous processes on the 
pseudosucker tegument. (X 35,400) 
35. Transverse sections through the microvillous 
processes (MV) of the pseudosucker tegument. 
Note the plasma membrane and associated 
granular coat surrounding each process. Also 
note that no microtubules or supporting 
fibrils are seen within their matrix. 
(X 95,000) 
36. Gland cell ducts containing secretion bodies 
within the pseudosucker. (X l6,01l) 
37. Well-developed spines resting on the basal 
lamina of the holdfast lobes. (X 39,000) 

Plate XXI 
Pigs, 38-41. Light micrographs of encysted tetracotyles 
38. Detail of a living tetracotyle. The 
semitransparent cyst wall (arrow) extends 
well beyond the tegumental surface. (X 382) 
39. Frontal section through a tetracotyle within 
the ovotestis of L. stagnalis. All the 
organs of attachment are clearly visible. 
The lobelike pseudosuckers (ps) lie with­
drawn in cavities lateral to the oral sucker. 
Note the deeply staining cyst wall (arrow) 
and gland cell mass just posterior to the 
holdfast organ (H). (PAS-staining). (X 349) 
40. In situ section through a tetracotyle showing 
We refractile granules (RG) within the cyst 
wall. (PAS-staining). (X 438) 
41. Hyperparasitism by a tetracotyle within a 
redia of Haematoloechus sp. (Living material). 
(X 262) 
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Plate XXII 
Pig. 42. Low-magnification survey micrograph of the 
tetracotyle cyst wall. Note that the cyst wall 
is composed of one layer and contains many 
bacteria-like bodies. (X 6,444) 
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Plate XXIII 
Pig. 43a-c. Electron micrographs of the fully formed 
tetracotyle cyst wall 
a. Detail of a bacteria-like body within the 
network of the cyst. A surface layer 
resembling a cell wall is apparent at lower 
right. Note the dense cytoplasm and large 
lipid (?) globules. (X 53,142) 
b. High-magnification electron micrograph showing 
the anastomosing fibers of the cyst wall. 
Note that the fibers appear to be contiguous 
with the outermost layer of the plasma 
membrane (p). (X 99,840) 
c. Low-magnification micrograph showing the 
fibrous mucopolysaccharide coat and rugose 
appearance of the general tegument. (X 20,800) 
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Plate XXIV 
Pigs. 44-47. Electron micrographs of the tetracotyle 
holdfast organ 
44. Low-magnification micrograph of a holdfast 
lobe showing the transition of the tegument 
and cytologlcal appearance. Note the spines 
on the outer surface of the lobe and much 
thinner tegument of the undeveloped 
"microvillous" surface. Within the lobe 
cells are tightly packed and contain many 
vesicles. Large numbers of mitochondria 
are seen within cells beneath the "micro­
villous" surface. (X 6,000) 
45. Detail of a cell within the holdfast lobe 
showing two types of vesicles. (X 15,000) 
46. Detail of a holdfast cell showing the packed 
free ribosomes and rough endoplasmic 
reticulum within the cytoplasm. Note that 
few mitochondria are present. (X 20,625) 
47. Unidentified cell within holdfast lobe showing 
the irregularly shaped nucleus, and dense 
patches of chromatin. Note the alpha glycogen 
rosettes and zymogen (?) granules of adjacent 
cells. (X 20,625) 
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Plate XXV 
Pigs. 48-51. Development of the reserve excretory lining 
in the tetracotyle 
48. Meshwork of lamellae (LA) interspersed 
between the contiguous lining of the reserve 
excretory system and the amorphous wall of 
the glycogen sac (S). Note the contents of 
the sac are depleted of glycogen during this 
stage. (X 37,500) 
49. partial separation of the sac from the 
reserve excretory lining. Note that the 
lamellae have not broken free and connect 
the reserve excretory lining with the sac 
wall. (X 31,875) 
50. Separation is nearly complete in this micro­
graph where a major portion of the sac wall 
has pulled away showing some free lamellae. 
Note the concentration of glycogen in the 
parenchyma adjacent to the reserve excretory 
cytoplasm and the phospholipid in the sac 
(lower right). (X 31,875) 
51. Complete separation of lamellae with sac (S) 
removed. Note similarity of the reserve 
excretory lining to that of the adult. 
(X 20,625) 
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Plate XXVI 
Pigs. 52-56. Observations on the developing reserve 
excretory system of late precyst and 
tetracotyle stages 
52. Low-magnification survey micrograph of the 
reserve excretory lining of the tetracotyle 
showing the amorphous reserve excretory 
lining (arrows). Note the calcareous 
corpuscle in the cytoplasm of the reserve 
excretory system (lower left). The glycogen 
sacs seen in the early precystic stages are 
noy; depleted of glycogen but contain numerous 
phospholipid droplets and some cytoplasm. 
(X 8,625) 
53. Detail of phospholipid droplet. Note the 
dense amorphous coat and homogeneous matrix. 
Also note the membranous whorl apparently 
developing from its contents. Compare with 
Fig. 54. (X 37,500) 
54. Free membranous whorl within the spaces of 
the reserve excretory system. (X 15,000) 
55. Calcareous corpuscles within the reserve 
excretory cytoplasm. Note the layered appear­
ance peripherally and the radiating crystalline 
pattern within. (X 33,750) 
56. Survey micrograph of a reserve excretory space 
in the late precyst stage. Note the amorphous 
reserve excretory lining (arrow) and its 
similarity to that in the tetracotyle (Pig. 
52). (X 8,625) 
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Plate XXVII 
Fig. 57. Schematic diagram of the principal ultrastructural 
features of the adult Cotylurus flabelliformis. 
Note the appearance of the full developed and 
everted pseudosuckers (pS) and holdfast organ 
lobes (HFL) . The spined tegument and "micro­
villous" tegument of the holdfast lobes are fully 
developed. Spaces of the reserve excretory system 
(re) are fluid filled in living adults and no 
longer contain the cytoplasmic contents of the 
glycogen sacs seen in larval development 
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Plate XXVIII 
Pigs. 58-61. Regional differentiation of the tegument of 
adult C. flabelliformls 
58. Spined tegument of the holdfast lobes. 
(X 26,550) 
59. Transition of the holdfast lobe from spined 
tegument (left) to "microvillous" tegument 
(right). (X 17,175) 
60. General tegument over the dorsal body surface. 
(X 26,550) 
61. Transition zone of the dorsal tegument from 
forebody to hindbody. Note the dorsal 
tegument of the forebody at upper left. 
(X 7,007) 
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Plate XXIX 
Pigs. 62-64. Electron micrographs showing details of the 
general tegmient from the dorsal surface of 
adult C. flabelllformls 
62. Section through the body wall. Note the 
syncytial tegument (t) covered by the 
glycocalyx (GC). Numerous elongate and 
spherical secretion bodies are seen within 
the matrix of the tegument but no 
mitochondria are seen. The tegument rests 
on a thick fibrous basement layer (PL) 
below which are seen circular (CM) and 
longitudinal (lm) muscle layers. Tegumental 
cells (TC) lie between the muscle layers and 
the reserve excretory cytoplasm. The large, 
dorsal space of the reserve excretory system 
(re) lies below the body wall. (x l8,0ol) 
63. Protoplasmic tube connecting a tegumental 
cell with the dorsal tegument. Note that 
the secretion bodies within the cell body 
are morphologically the same as those in the 
matrix of the tegument. (x 21,000) 
64. Detail of a tegumental cell. Note the 
numerous secretion bodies, small vesicles, 
densely packed free ribosomes, rough 
endoplasmic reticulum and golgi complexes 
(arrows). (x 21,000) 
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Plate XXX 
Figs. 65-66. Electron micrographs of the ventral sucker of 
adult C_. flabelliformls 
65. Low-magnification survey micrograph of the 
acetabulum in parasagittal section. Note the 
strong muscle (MU) bundles traversing the 
sucker. Beta glycogen (BG) is seen within the 
muscle bands and rosettes of alpha glycogen 
(AG) are stored within the adjacent parenchyma. 
Note the tegument lining the lumen of the 
sucker (lower left) and the close association 
of the dorsal reserve excretory space at 
upper right. (X 7,000) 
66. Detail of the tegument of the acetabulum. 
Note the somewhat rugose appearance and 
"blebs" (secretory activity) of this surface. 
(X 33,000) 
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Plate XXXI 
Pigs. 67-69. 'Pseudosucker tegument and gland cells In adult 
C. flabelllformls 
67. Host-parasite interface at the pseudosucker. 
Note the thick microvillous processes of the 
pseudosucker tegument and gland cell duct 
containing secretion bodies associated with 
this surface. Host tissue cells and debris 
are seen adjacent to the tegument. Note the 
host red blood cell at upper right (RB). 
(X 6,601) 
68. Detail of pseudosucker tegument and secretion 
bodies in the bulbous ending of a gland cell 
duct. Note the difference in appearance of 
the secretion bodies evidently denoting dif­
ferent states of activity. The disrupted 
host tissue occupies the spaces between the 
microvillous processes. (X 24,426) 
69. Gland cell within the pseudosucker. Note the 
dark secretion bodies, rough endoplasmic 
reticulum and nucleus of the gland cell. 
Numerous secretion bodies collect in the 
extension of the cell leading to the gland 
cell duct. This duct and another (upper left) 
pass between the muscle layers to the pseudo­
sucker tegument. (X l4,680) 
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Plate XXXII 
Pigs. 70-73. Specializations of the pseudosucker and 
"microvillous" holdfast tegument of adult C. 
flabelliformis 
70. Detail of a pseudosucker gland cell duct. Note 
the numerous microtubules (Ml) supporting the 
wall of the duct and the dark desmosome-like 
junctional complex (CJ) connecting the duct 
to the pseudosucker tegument. Large, dark 
secretion bodies are seen within the duct. 
(X 51,000) 
71. Holdfast lobe of adult showing the transition 
from the spined tegument to the highly-
developed "microvillous" surface. Note the 
difference in thickness of these two surfaces 
and the association of mitochondria with the 
"microvillous" surface. A portion of a 
reserve excretory space occupies the center 
of the lobe. (X 12,000) 
72. Frontal section through the "microvillous" 
surface. Note that the surface is actually 
a reticulate network of lamellate folds and 
is not covered by microvilli. (X 29,400) 
73. High-magnification of the "microvillous" 
processes of the holdfast lobe. Note the 
delimiting plasma membrane around each process 
and the associated fine granular coat. Secre­
tion bodies and mitochondria with swollen 
cristae lie within the matrix of the tegument. 
(X 30,000) 
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Plate XXXIII 
Pig. 74. Low-magnifieation survey electron micrograph 
showing the apposition of the "microvillous" 
surfaces of the holdfast lobes. Note the 
tremendous amplification of the surface area of 
this region modified for destruction of the 
host's intestinal epithelium. Note the thinness 
of the tegument (MT), association of muscle 
layers (MU), clusters of mitochondria, and the 
elaboration of lamellae (lA) within the reserve 
excretory spaces lying immediately beneath this 
surface. (X l8,400) 
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Plate XXXIV 
Pig. 75. Detail of the "microvillous" tegiment of the hold­
fast organ In adult C. flabelllformls. Numerous 
mitochondria In different states of activity and 
muscle bundles lie close to the surface. Lipid 
droplets (l) are seen in the space of the reserve 
excretory system (RE) at lower right. Note the 
numerous, elongate but simple lamellae (arrow) 
lining the reserve excretory space below the 
tegument. Also noté that the reserve excretory 
lining deeper within the lobe (lower left) is not 
highly modified. (X 24,000) 
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Plate XXXV 
Pig. 76. Tegumental cell associated with the "microvillous" 
surface of the adult holdfast tegument. The cell 
lies between ramifications of the reserve 
excretory spaces. Note the elongate, saccate 
shape of this cell. The perinuclear cytoplasm 
is packed with mitochondria. No secretion bodies 
are seen. The irregularly shaped nucleus contains 
dense patches of chromatin. A second tegumental 
cell process is seen extending to the surface at 
right. Numerous mitochondria in the tegument 
appear to be degenerating. (X 16,933) 
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Plate XXXVI 
Pig. 77. Sensory structure on the "microvillous" surface 
of the holdfast tegument of C. flabelllformis. 
Note that the structure is extended on an undula-
tion of the tegument placing the cilium well 
above the surface of the tegument and in proximity 
to the lamellar processes of this surface. 
Microtubules extend down the length of the cilium 
toward the large basal body within the vesicle. 
Large dense desmosomes attach the vesicle to the 
tegument. A large mitochondrion and membranous 
network occupy the space within the vesicle. 
(X 52,062) 
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Plate XXXVII 
Pig. 78. Clavate shaped sensory structure on the 
"microvillous" tegument of the holdfast organ of 
adult C. flabelllformls. Note the numerous 
synaptic vesicles within. Desmosome connections 
(B) are seen at upper left. A portion of a 
mitochondrion (M) is seen at the bottom of the 
^ vesicle. (X 49,500) 
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Plate XXXVIII 
Pig. 79. Holdfast gland cells of adult C^. flabelliformis. 
Dark, spherical secretion bodies produced within 
the holdfast gland cells pass via ductlike 
extensions of these cells into the holdfast lobes 
where they are seen within the "microvillous" 
tegument (Pig. 73). These cells lie in a compact 
mass at the base of the holdfast lobes and con­
tain abundant rough endoplasmic reticulum, 
secretion bodies, and mitochondria (inset; 
X 29,541). Note the close association of the 
reserve excretory space to these gland cells 
lying within the ventral wall of the forebody. 
(X 12,341) 
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Plate XXXIX 
Pig. 80. Detail of a spine in the holdfast tegiment of 
adult C. flabelliformis. The spine rests on the 
basal lamina and exhibits the typical protein 
lattice network of regular periodicity. 
(X 59,500) 
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Plate XL 
Pigs. 81-84. Secretory activity of the spined tegument of 
the holdfast lobes of adult C. flabelliformis 
81. Elongate secretion body adjacent to the 
external plasmalemma (arrow). Note the two 
types of secretion bodies present; elongate 
and spherical. (X 116,375) 
82. The membrane of the secretion body apparently 
fuses with the external plasmalemma and forms 
a "bleb" at the surface. (X 116,375) 
83. As formation of the "bleb" continues, it is 
pinched off into a spherical body. (X 110,000) 
84. The "bleb" is then extruded on a pedicel and 
in this micrograph the contents have apparently 
been expelled. The vesicle at lower left has 
a double membrane. (X 80,740) 
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Plate XLI 
Figs. 85-89. Electron micrographs of the cecum and a 
protonephrldlum of the primary excretory 
(osmoregulatory) system of adult C. flabelli-
formis 
85. Syncytial lining of the cecum showing exten­
sive development of membrane-bound lamellae. 
Numerous vesicles are seen within the ribo-
some-rich cytoplasm. Note the gastrodermal 
cell nucleus at lower right. (X 25,500) 
86. Low-magnification micrograph showing the rela­
tionship of the thin gastrodermal lining to 
the dorsal reserve excretory space. Note 
the contents of the cecum. (X 15,000) 
87. Transverse section of a protonephridium of 
the primary excretory system at the level 
of the cilia and fibrous layer. (X 29,750) 
88. Detail of a membranous whorl within the cecal 
lumen. (X 19,150) 
89. Detail of the cilia of Pig. 88 showing 
arrangement of subfibers. (X 107,100) 
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Plate XLII 
Pig. 90. Tissue strand forming a septum across the dorsal 
reserve excretory space in adult C. flabelliformis. 
Such septa connect the dorsal and ventral body 
walls providing pathways for passage of cell 
ducts, muscle bands, and ducts of the primary 
excretory system. Note the voluminous size of 
these spaces which were filled with glycogen 
sacs during larval development. Lamellae of the 
reserve excretory cytoplasm are not extensively 
developed in this region and only occasional 
lipid droplets are seen within the reserve 
excretory cytoplasm (arrow) or free within the 
spaces. (X 9,200) 
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Plate XLIII 
Pigs. 91-94. Ultrastructural features of the reserve 
excretory system of adult C. flabelliformis 
91. Numerous dark-staining cells, such as this 
one, containing abundant endoplasmic 
reticulum and large secretion bodies lie in 
close association with the reserve excretory 
cytoplasm. (X 21,000) 
92. Lipid droplet within the reserve excretory 
cytoplasm of C. flabelliformis. Such 
droplets increase in size within the 
cytoplasm prior to their release into the 
lumen. Note the lamellae of the reserve 
excretory lining. (X 21,900) 
93. Detail of lamellae of the reserve excretory 
lining. Note that the lamellae are membrane 
bound, sometimes branch near their base and 
may fuse with other portions of the lining 
of remain free. (X 42,000) 
94. Lamellar whorl within the lumen of the reserve 
excretory system. (X 27,780) 
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Plate XLIV 
Fig. 95. Electron micrograph of the parenchyma in adult 
C. fiabelliformis. Note the abundance of 
glycogen rosettes, and occasional mitochondria 
and lipid droplets in these cells. Portions of 
a duct of the primary excretory (osmoregulatory) 
system are seen in the upper half of the image. 
(X 12,400) 
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Plate XLV 
Figs. 96-99. Protein and carbohydrate histochemistry of 
larval stages of C. flabelliformis 
96-97. Sporocysts (naphthol yellow S- and PAS-
staining). Note the strong PAS-positive 
reaction (red) of the cercarial bodies; 
proteins are yellow (Pig. 96). In Fig. 91, 
concentrations of protein are seen in the 
germinal masses (naphthol yellow S) 
98-99. Tetracotyles (naphthol yellow S- and PAS-
staining). Note the concentration of 
polysaccharide and protein in the organs of 
attachment. The reserve excretory spaces 
are empty (Pig. 98). In Fig. 99, concentra­
tions of protein (naphthol yellow S) are seen 
throughout the body. The refractile granules 
of the cyst (bacteria-like bodies) appear as 
black dots 
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Plate XLVI 
Pigs. 100-103. Protein and carbohydrate histochemistry 
of metacercariae of C. flabelllformis 
100-101. Millon reaction for distribution of 
tyrosine containing proteins. In Pig. 100 
(early precyst) note the strong reactions 
in the pseudosuckers and holdfast organ. 
Pig. 101 shows the strong reaction over 
the tegument of the tetracotyle 
102. In situ section of a tetracotyle showing 
Tïïe distribution of glycogen (Best's 
carmine). Some positive staining is seen 
in the reserve excretory spaces and a 
general distribution to all cells. Note 
the strong nonspecific reaction in the 
cyst wall 
103. Best's carmine staining of sectioned 
tetracotyle following digestion with 
salivary amylase. Note the general extrac­
tion from all areas except the cyst wall. 
298 
Plate XLVII 
Fig. 104a-f. Carbohydrate histochemistry of metacercarial 
stages of C. flabelllformis (Periodic acid 
Schiff réaction) 
a-c. Developing forms. Note the increase in 
polysaccharide content as development 
progresses. (Compare Pigs, a and c) 
d-e. Late precyst (Pig. d) and tetracotyle (Pig. 
e). Note the strong reaction over the 
tegument due to the polysaccharide component 
of the cyst 
f. In situ staining of tetracotyles. Note the 
STstribution of carbohydrate through the 
organs of the body and intense reaction of 
the general tegument and cyst wall 
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Plate XLVIII 
Pigs. 105-108. Acid mucopolysaccharide histochemistry of 
C. flabelllformls tetracotyles ^  situ 
105. Section through the holdfast showing the 
positive (red) reaction (Mayer's 
muclcarmlne). Note the reserve excretory 
spaces (RE) beneath the tegument (T) 
106. Alcian blue staining (pH 1.0) of acid 
mucopolysaccharides In the holdfast and 
gland cells. Again note the positive 
reaction In the cyst wall (CW) and the 
refractlle granules contained therein 
107. Alcian blue staining (pH 2.5). Note the 
positive reaction in the holdfast organ 
108. Toluldine blue 0 method. Note the deep 
staining reaction in the holdfast lobes 

Plate XLIX 
Pigs. 109-112. Lipids in developing forms and early 
precysts and lipase activity in the 
tetracotyle of C. flabelliformis 
109. Lipids within cytoplasmic processes of the 
stellate cells of a developing form (oil 
red 0). (High dry magnification) 
110. Wholemount of an early precyst showing the 
distribution of lipid (oil red O) 
111. Detail of the hlndbody of an early precyst 
showing the accumulation of lipids around 
the developing digestive ceca (oil red 0) 
112. Detail of the forebody of a tetracotyle 
showing the positive reaction (brown areas) 
for lipase (Tween 80). Note the strong 
reactions in the pseudosuckers, holdfast 
organ, and walls of the oral sucker 
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Plate L 
Fig. 113a-f. Distribution of nucleic acids, histones, and 
protein in larval stages of C. flabelliformis 
(in situ) 
a. Methyl green-pyronin Y staining for DNA (blue 
green) and RNA (red) in a fully formed 
tetracotyle. Note the concentration of RNA 
in the holdfast organ. Also note the DNA in 
the refractile granules (bacteria-like bodies) 
in the cyst wall 
b. Nucleic acid histochemistry of sporocysts 
and cercariae (methyl green-pyronin Y). Note 
the concentration of DNA in the developing 
cercarial bodies and germinal masses within 
the sporocysts 
c. Alkaline fast green method for histones. 
Note the concentration of histonôs in the 
holdfast organ, pseudosuckers, and oral 
sucker (arrows). There is staining in the 
subtegumental cells but none in the tegument 
or cyst wall 
d. Histone staining in sporocysts and cercariae 
(alkaline fast green). A strong positive 
reaction is seen in the developing cercariae 
and germinal masses 
e. Azure blue B for nucleic acids. Strong 
positive reactions are seen in areas of 
greatest cell density within the tetracotyle 
f. Mercuric bromphenol blue method for distribu­
tion of protein. Note the intense positive 
reaction in the holdfast organ of the 
tetracotyle 
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Plate LI 
Pig. Il4a-h. Alkaline phosphatase activity in metacercarial 
stages of Cotylurus flabelliformis. Note the 
increase in alkaline phosphatase activity as 
development progresses 
a-c. Developing forms 
d-g. Precysts 
h. Tetracotyle 
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Plate LU 
Pigs. 115-118. Nervous system of an early precyst of C. 
flabelllformls (acetylthlocholine method of 
el-Badaivi and Shenk, I966) 
115. Wholemount of an early precyst showing main 
branches of the nervous system 
116. Detail of the anterior region of Pig. 115 
showing nerve processes extending toward 
the oral sucker and pseudosuckers 
117. Detail of the circumesophageal nerve ring 
118. Detail of transverse connective fibers 
extending from the ventral longitudinal 
cords 
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Plato LUI 
Pigs. 119-122. Esterase staining of late precysts and 
tetracotyles 
119. Wholemount of late precyst showing nervous 
system staining in the oral sucker and 
pseudosuckers. Note the everted position 
of the pseudosuckers (pS) 
120. Detail of the anterior region of Fig. 120. 
Note the oral sucker (upper left) and the 
rows of deeply staining sensory structures 
on the everted pseudosuckers 
121. Detail of an everted pseudosucker showing 
the distinct rows of deep staining bodies 
on its surface. These bodies represent the 
sensory structures seen at the ultrastructural 
level. Note that numerous long nerve fibers 
extend across the pseudosucker to the rows 
of sensory structures 
122. Nonspecific esterase (naphthol AS acetate) 
staining of a tetracotyle. Note the strong 
reactions in the oral sucker and pseudo­
suckers 
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